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ABSTRACT
SPATIAL A B IL ITY , MATHEMATICS ACHIEVEMENT,
AND SPATIAL TRAINING IN MALE AND FEMALE CALCULUS STUDENTS
by
JOAN FERRINI MUNDY 
U n iv e rs ity  o f  New Hampshire, September, 1980
The prim ary purpose o f  th is  study was to  in v e s tig a te  the  e ffe c ts  
o f s p a tia l t ra in in g  upon ca lcu lu s  achievem ent, s p a tia l v is u a l iz a t io n ,  
and tendency and a b i l i t y  to  v is u a l iz e  s o lid s  o f  re v o lu tio n  in  c a lc u lu s ,  
fo r  c o lle g e  males and fem a le s . A random sample o f  250 f irs t -s e m e s te r  
calcu lus students a t  th e  U n iv e rs ity  o f New Hampshire was apportioned  
in to  seven experim ental groups, each co n ta in in g  males and fem ales . 
Students were p retested  on preca lcu lus  background, s p a tia l v is u a liz a t io n ,  
and ca lcu lu s  background, and were assigned to  one o f th ree  treatm en t  
co n d itio n s: aud iovisua l s p a tia l t ra in in g  (A V ), a u d io -v is u a l-ta c tu a l
s p a tia l t r a in in g  (AVT), and a con tro l c o n d it io n . The s p a tia l t ra in in g  
m ateria ls  were organized in to  s ix  s l id e -ta p e  modules which were presented 
in  programmed form. The con ten t o f  the s ix  modules was: two-dim ensional
sp a tia l ta s k s , th ree-d im en sion al s p a tia l ta s k s , ro ta tio n s  from tw o- in to  
three-dim ensional space, area d is c r im in a tio n , and the development o f  
three-dim ensional images from two-dim ensional images. The AVT tra in in g  
was d is tin g u ish ed  from th e  AV tra in in g  by th e  in c lu s io n  o f supplementary  
m anipulatives and models, which corresponded to  the s p a tia l tasks pre­
sented on the  s lid e s .
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Follow ing th e  t ra in in g  p e r io d , students were pos ttested  on 
s p a tia l v is u a l iz a t io n .  Calculus achievement was assessed by means o f  
course grades. In  a d d it io n , each studen t was assigned a score re p re ­
sen ting  tendency and a b i l i t y  to  v is u a l iz e  s o lid s  o f  re v o lu tio n  in  
ca lcu lus  problems. That score is  re fe r re d  to  as VSRSC.
The a n a ly s is  revea led  s ig n i f ic a n t  c o rre la t io n s  between s p a tia l  
v is u a l iz a t io n  and p reca lcu lu s  sco res, between s p a tia l v is u a l iz a t io n  and 
VSRSC scores, and among the mathematics achievement measures. M u lt i ­
v a r ia te  and u n iv a r ia te  analyses o f  covariance in d ic a te d "s e v e ra l s ig n i­
f ic a n t  main e f fe c ts  and in te ra c tio n  e f fe c ts .  A s ig n i f ic a n t  sex d i f f e r ­
ence favo rin g  males was found on th e  s p a tia l v is u a l iz a t io n  p o s tte s t; a 
s ig n if ic a n t  sex d iffe re n c e  favo rin g  fem ales was found on a ca lcu lu s  te s t  
o f  a p p lic a tio n s  o f  th e  d e f in it e  in te g ra l to  a re a , volume, and work 
problems; and a s ig n i f ic a n t  tre a tm e n t-b y -s e x  in te ra c t io n  on the ca lcu lu s  
t o ta l  grade suggested th a t  the AV t ra in in g  was more in f lu e n t ia l  fo r  
females than fo r  m ales, and th a t th e  AVT t ra in in g  was more in f lu e n t ia l  
fo r  males than was th e  AV t r a in in g .  A 2x2, tre a tm e n t-b y -s e x  an a lys is  o f  
varian ce  o f VSRSC re s u lte d  in  a s ig n i f ic a n t  tre a tm en t e f fe c t  favo rin g  th e  
groups which rece ived  s p a tia i t r a in in g ,  as w e ll as a s ig n i f ic a n t  t r e a t -  
m ent-by-sex in te ra c t io n  in d ic a tin g  a more p o s it iv e  in flu e n c e  o f  t ra in in g  
on VSRSC scores fo r  fem ales than fo r  m ales. A s ig n i f ic a n t  gain in  
s p a tia l v is u a l iz a t io n  scores from p re te s t  to  p o s tte s t ,  fo r  the e n t ire  
sample was demonstrated using a t - t e s t .
The re s u lts  suggest th a t  sex d iffe re n c e s  in  c o lle g e  calcu lus  
students on measures o f  calcu lus  achievement may be le s s  pronounced than  
in  o th er p o p u la tio n s , and th a t  in  f a c t ,  females studying ca lcu lus  may
x i i
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possess a b i l i t y  c h a ra c te r is t ic s  which d is t in g u is h  them from o ther fem ales . 
The combined experience o f  tak in g  f irs t -s e m e s te r  ca lc u lu s  and p a r t ic ip a t in g  
in  concurrent course work appears to  enhance s p a tia l a b i l i t y ,  and may do 
so in  d i f f e r e n t  ways fo r  males and fem ales . S p a tia l t r a in in g  may p lay  a 
ro le  in  th e  s o lu tio n  o f  c e r ta in  types o f  ca lcu lu s  problem s, and th a t  r o le  
may be more in f lu e n t ia l  fo r  females than fo r  m ales. O ther hypotheses and 
questions s u ita b le  fo r  fu tu re  research in  the areas o f  s p a tia l a b i l i t y ,  
mathematics achievem ent, and the study o f  sex d iffe re n c e s  a re  generated .
x i i i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I
THE RESEARCH PROBLEM 
Background
The small p ro p o rtio n  o f  women in  m athem atical f ie ld s  and in  
s c ie n t i f ic  careers  which re q u ire  background study in  mathematics is  a 
well-documented problem (NRC, 1978; S e l ls ,  1978; In g is o n , Note 1) which 
has a t tra c te d  the  concern o f  m athem atic ians, m athematics edu cators , and 
the general p u b lic  in  recen t years  (C a s s e rly , 1978; E rn e s t, 1975; Fox, 
1977; Luchins, 1979; Wise, 1 9 7 8 ). Heightened awareness o f  th is  s itu a tio n  
has p re c ip ita te d  a v a r ie ty  o f  a c t i v i t i e s .  Educational resea rch ers  have 
form ulated and in v e s tig a te d  con jectures  in tended to  help e x p la in  the  
e x is tin g  d iffe re n c e s  between males and females in  mathematis p a r t ic i ­
pation and achievement (B u rto n , 1978; Fennema & Sherman, 1977, 1978; 
H ilto n  & B erg lund, 1974; M e rk e l-K e lle r ,  1977; Sherman, 1977, 1979; 
Armstrong & K a h l, Note 2; Kaczala & Futterm an, Note 3; P e r l ,  Note 4;
Steel & W ise, Note 5 ) .  P ro fess io n a l o rg a n iza tio n s  such as th e  N a tiona l 
Council o f  Teachers o f  M athem atics, th e  American Educational Research 
A s socia tion , and the A s so c ia tio n  fo r  Women in  Mathematics have encouraged 
dialogue reg ard in g  th e  problem o f  fem ale u n d erre p resen ta tio n  in  mathe­
m atics , through the in c lu s io n  o f  seminars and p rese n ta tio n s  a t  n a tio n a l 
and reg iona l conferences. The N a tio n a l Science Foundation, th e  N a tional 
In s t i tu te  o f  Education , and o th e r agencies have c reated  funding programs 
intended to  s tim u la te  research and development o f  programs in  th is  a re a .
1
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2Special courses and c l in ic s  have been in s t itu te d  a t  several co lleges  and 
u n iv e rs it ie s ,  and p r iv a te  con su lting  agencies have emerged, a l l  w ith  the  
prim ary purpose o f  promoting the p a r t ic ip a t io n  and success o f  women in  
mathematics courses (A f f la c k ,  1978; S te n t , 1977; Tob ias , 1978; Blum, Note 
6 ) .  The u ltim a te  goal o f  such programs is  to enable women to en ter mathe­
m atics-dependent ca ree r areas .
W ith in  the past several years numerous research  e f fo r ts  have been 
undertaken which address the imbalance between males and females in  mathe­
m atics courses, and subsequently in  mathematics-dependent ca ree rs .
Studies may be c la s s i f ie d  as focusing upon a f fe c t iv e  or c o g n itiv e  v a r ia ­
b le s . A ffe c t iv e  v a r ia b le s  which have been included fre q u e n tly  in  research  
in  th is  area a re : a t t i t u d e  toward m athem atics, perceived usefulness o f
mathematics, confidence in  doing m athem atics, peer a t t i t u d e  toward mathe­
m atics , tendency to  s tereo typ e  mathematics as a male domain, paren ta l 
a t t i tu d e  toward m athem atics, teacher a t t i t u d e  toward m athem atics, and 
career in te re s t .  V a ria b le s  which have emerged as being most im portant in  
exp la in in g  the prem ature te rm in a tio n  o f  mathematics study by young women 
are  th e  perceived usefulness o f  mathematics (Armstrong & K ahl, Note 2) 
and the tendency to  s te reo typ e  mathematics as a male domain (Fennema & 
Sherman, 1977).
Although th e re  has been co n sid e ra b le  research a c t iv i t y  concerning  
the co g n itiv e  aspects o f  mathematics le a rn in g , o n ly  in  recen t years has 
sex been c o n s is te n tly  included as an independent v a r ia b le .  S in g le -sex  
research , and s tu d ies  which do not re p o rt  analyses according to  sex, do 
not co n trib u te  a g re a t deal to  the understanding o f  sex d iffe re n c e s  in  
mathematics le a rn in g . C o gn itive  v a r ia b le s  which have been measured in  
sex d iffe re n c e  res e a rc h , and which a lso  c o r re la te  w ith  mathematics
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3achievem ent, a re :  general a b i l i t y ,  verb a l a b i l i t y ,  s p a t ia l  a b i l i t y ,
a r ith m e tic  reasoning a b i l i t y ,  lo g ic a l reasoning a b i l i t y ,  c r e a t iv i t y ,  
com putational s k i l l ,  and c o g n it iv e  s ty le  ( f i e l d  dependendence -  independ­
ence dim ension). R esu lts  suggest th a t  young g i r ls  tend to  outperform  
young boys on measures o f  com putational a b i l i t y  (P a rs le y , P o w ell, O 'Connor, 
& Deutsch, 1963; U n ke l, 1966; W ozencra ft, 1 9 6 3 ). Some in v e s tig a to rs  have 
found evidence suggesting male s u p e r io r i ty  on te s ts  o f  mathem atical 
reasoning, beyond adolescence (C a rry  & Weaver, 1969; McLeod & K i lp a t r ic k ,  
1969, 1 9 7 1 ). A fte r  a n a ly z in g  data from the N ational L o n g itu d in a l Study 
o f  M athem atical A b i l i t y  (NLSMA), Perl (Note 4) reported  th a t  a b i l i t y  and 
achievement measures form the  m ajor d is c r im in a to r  between students e le c ­
t in g  to continue study o f  m athem atics, and students e le c t in g  to  s to p .
In  s p ite  o f  a l l  o f  th e  recen t research  aimed a t  ex p la in in g  d i f f e r ­
e n t ia l p a r t ic ip a t io n  by sex in  m athem atics, p ro p o rtio n a te ly  few s tu d ies  
have in v e s tig a te d  e x p l i c i t l y  the  ro le  o f  in t e l le c t iv e  fa c to rs  in  i n f l u ­
encing mathematics p a r t ic ip a t io n .  Most o f  the  recen t work has centered  
in  the a f fe c t iv e  domain, y e t  w ith o u t a more thorough understanding o f  th e  
sex d iffe re n c e s  in  c o g n it iv e  v a r ia b le s  which are  re la te d  to  mathematics 
performance and achievem ent, exp lan a tio n s  o f  the  in e q u ity  w i l l  remain 
incom plete . Further work in v e s t ig a tin g  p o s s ib le  causal re la tio n s h ip s  
between c o g n itiv e  and a f fe c t iv e  v a r ia b le s  a lso  may be prom ising . Fennema 
(1977) s ta ted  th a t  "s in ce  mathematics is  a c o g n itiv e  endeavor, the lo g ic a l  
place to  begin to  look fo r  exp lan a to ry  v a r ia b le s  o f  s e x -re la te d  d i f f e r ­
ences in  mathematics performance is  in  th e  c o g n itiv e  a rea"  (p . 8 9 ) .
One c o g n itiv e  v a r ia b le  which has been mentioned fre q u e n tly  in  the  
discussion o f  d i f f e r e n t ia l  mathematics achievement by sex is  s p a tia l
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4a b i l i t y .  Among the several types o f  s p a tia l a b i l i t y  which have been 
id e n t if ie d  in  fa c to r -a n a ly t ic  studies (B u r t ,  1949; Koussy, 1935; Thurstone, 
1938; W olfe , 1940), th e re  is  an a b i l i t y  u s u a lly  c a lle d  v is u a l iz a t io n .  A 
v a r ia n t o f  th a t term , "s p a tia l v is u a l iz a t io n ,"  has been used w id e ly  in  
discussions o f sex d iffe re n c e s  in  mathematics (Burton, 1978; Coleman,
1956; Fennema, 1977; Fennema & Sherman, 1977, 1978; Hesemann, 1976; 
Schonberger, 1976; Sherman, 1977, 1979; P e r l ,  Note 4; B a rn e tt & Eastman, 
Note 7 ) .  When researchers s ta te  a d e f in it io n  o f  "s p a tia l v is u a l iz a t io n ,"  
i t  u s u a lly  includes some re ference to  mental m anipulation or ro ta tio n  o f  
three-dim ensional images. However, d e f in it io n s  o f  "s p a tia l v is u a liz a tio n "  
do vary from author to  a u th o r, and sometimes do not even appear in  a r t i ­
c le s , so th e re  is  some danger o f  m isunderstanding the meaning. The compli­
ca tio n  o f  inconsistency in  d e f in it io n  o f  "s p a tia l v is u a liz a t io n "  notw ith ­
standing, the focus upon th is  v a r ia b le  in  the study o f  sex d iffe re n c e s  in  
mathematics performance a r is e s  presumably as a re s u lt  o f  p e rs is te n t male 
s u p e r io r i ty ,  beginning a t  adolescence and continu ing through adulthood, 
on te s ts  designed to  measure v is u a liz a t io n  and o ther s p a tia l a b i l i t ie s  
(B enn ett, Seashore, & Wesman, 1974; Bock, 1973; Fennema, 1977; O'Connor, 
1943; Maccoby & J a c k !in , 1 9 7 4 ). A host o f  explanations fo r  th is  sex 
d iffe re n c e  has been advanced by g e n e tic is ts , e n d o crin o lo g is ts , psycholo­
g is ts , and s o c io lo g is ts  (Bogen & Bogen, 1969; B u ffery  & Gray, 1972; 
S ta ffo rd , 1961 , 1963; Sherman, 1967, 1 9 7 4 ), but th ere  is  no agreement on 
a s a t is fa c to ry  exp lan a tio n .
There is  l i t t l e  room fo r  disagreement on the existence o f  sex 
d iffe re n c e s  on many te s ts  o f s p a tia l a b i l i t y ,  but the th eo rized  re la t io n ­
ship between th a t d iffe re n c e  and the small number o f women in  mathematics-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5re la te d  careers has not been supported e m p ir ic a lly  to  any convincing  
degree. The fo llow ing  argument has been suggested (Fennema, 1 9 7 7 ), and 
is  im p lied  in  the work o f o thers (B urton, 1978; Sherman, 1967; Sm ith, 
1964): g i r ls  are  in fe r io r  to  boys in  s p a tia l a b i l i t y ;  s p a tia l a b i l i t y
is  necessary fo r  success in  mathematics; males have higher achievement 
le v e ls  in  mathematics than fem ales; th e re fo re  women become discouraged  
and do not continue th e ir  study o f  mathematics as long as young men do.
The weak l in k  in  the chain o f  im p lica tio n s  is  the  claim  th a t s p a tia l  
a b i l i t y  is  im portant fo r  success in  mathematics. Empirical re s u lts  con­
cerning the re la tio n s h ip  between mathematics and s p a tia l a b i l i t y  a re  not 
conclusive; some researchers have found evidence fo r  a strong re la tio n s h ip  
(B lackw e ll, 1940; Fennema & Sherman, 1977; Sm ith , 1964; W erdelin , 196 6 ), 
w hile  o thers present evidence to  the co n trary  (M urray, 1949; Very, 196 7).
I t  is  reasonable to exp ect, pedagogically and in t u i t iv e ly ,  th a t  
s p a tia l a b i l i t y  may be h e lp fu l in  understanding ideas and so lv ing  problems 
in  c e r ta in  areas o f  mathematics. K ru te ts k ii (1 9 7 6 ), a leader in  S o v ie t  
research d ea lin g  w ith  the mathematical a b i l i t ie s  o f  c h ild re n , observed 
th a t
the a b i l i t y  to v is u a liz e  a b s tra c t mathematical re la tionsh ips  
and the  a b i l i t y  fo r  s p a tia l geometric concepts a re  not 
necessary components in  the s tru c tu re  o f mathematical a b i l i ­
t ie s .  T h e ir  presence or absence (more p re c is e ly , th e ir  s trength  
or weakness) does not determ ine the exten t o f  mathematical g i f t ­
edness, but does determine i t s  typ e . (pp. 314-315)
In  a s im ila r  v e in , the mathematician Poincare (1952) d isting u ish ed  between 
two d i f f e r e n t  types o f m athem aticians, geometers and an a ly s ts , and main­
ta in ed  th a t m ajor d iffe ren c es  in  th in k in g  s ty le s  e x is t  between these two 
types. These remarks support th e  p o te n tia l va lue o f  a p titu d e -tre a tm e n t-
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in te ra c tio n  stud ies  in v e s tig a tin g  in te rv e n tio n  e f fe c ts  upon groups w ith  
high and low s p a tia l a b i l i t i e s .  Perhaps s p a tia l a b i l i t y  could be he lp fu l 
as a means o f  gu iding in d iv id u a ls  in to  a p p ro p ria te  m athematical a re a s .
In  any case, system atic specu la tion  and subsequent in v e s t ig a tio n  concern­
ing the ro les  played by s p e c if ic  forms o f  s p a tia l a b i l i t y  in  s p e c if ic  
areas o f  mathematics le a rn in g  m ight be va lu ab le  in  c o n tr ib u tin g  to  th e  
understanding o f  th e  re la tio n s h ip  between s p a tia l a b i l i t y  and mathem atics.
Given the  lower scores o f  females on s p a tia l measures and the  
hypothesized connection between s p a tia l a b i l i t y  and mathematics p e r fo r ­
mance, the p o s s ib i l i t y  o f  improving s p a tia l a b i l i t y  through experience  
becomes in te re s t in g .  There is  strong evidence th a t  t ra in in g  can improve 
performance on s p a tia l measures (Brinkmann, 1966; Hesemann, 1976; Johnson 
& Crano, 1978; Smith & Schroeder, 1979; VanVoorhis, 1941; W icker, Wein­
s te in ,  Y e lic h , & Brooks, 197 8 ). Most o f these t ra in in g  p ro jec ts  provided  
experience and p ra c tic e  upon s p a tia l tasks , and some o ffe re d  s tra te g ie s  
fo r  problem s o lu t io n . Most were in  programmed form . The possib le  
e ffe c tiv e n e s s  o f  t ra in in g  is  a lso  o f  in te re s t  to  psycho log is ts ; th e  study 
o f  the processes involved in  perform ing s p a tia l tasks has been extens ive  
(Anderson, F ru ch te r, Manuel, & Worche, 1954; B a r r a t t ,  1953; Cooper & 
Shepard, 1978; F ru c h te r, 1954; M ich ae l, 1949; Shepard, 1 9 7 8 ). Thus th ere  
a re  a t  le a s t  two reasons fo r  exp lo rin g  the  p o te n t ia ls  o f  s p a tia l t r a in in g ;  
i t  may hold ra m if ic a tio n s  fo r  in creas ing  the p a r t ic ip a t io n  o f  women in  
m athem atics, and from a psychological p ers p e c tiv e , i t  may c o n tr ib u te  to  
th e  understanding o f  the s o lu tio n  processes e l ic i t e d  in  the s o lu tio n  o f  
s p a tia l tasks .
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7Purpose o f  the Study
The general in te n t o f  th is  study was to  In v e s tig a te  mathematics 
achievement, s p a tia l performance, and e ffe c ts  o f  s p a tia l tra in in g  in  
c o lle g e  ca lcu lu s  students, w ith  p a r t ic u la r  a t te n tio n  to  the p o s s ib i l i t y  
o f  sex d iffe re n c e s . Since a good deal o f  work has been done in  these  
areas w ith  secondary school s tu d en ts , co lle g e  students were selected  fo r  
study in  th is  resea rch .
A s p a tia l t ra in in g  program was designed by the  experim enter, in  
two vers ions . Both were in  programmed audiovisual form , and were p re ­
sented v ia  the s lid e -ta p e  mode. In  a d d it io n , one vers ion  employed 
concrete m an ipu la tives  as a supplement to  the s lid e s  and tapes. The 
in tro d u c tio n  o f  the m an ipulatives was suggested by the work o f Shepard 
and his colleagues (Shepard, 1975, 1978; Shepard & Chipman, 1970; Shepard 
& Feng, 1972; Shepard & M e tz le r , 1 9 7 1 ). T h e ir  chronom etric studies o f  
th e  mental process o f  transform ing ob jects  in d ic a te  the occurrence o f  a 
h o l is t ic ,  in te rn a l modeling process. T h e ir  b e l ie f  in  the  existence o f  
th is  isomorphism supports the notion th a t  the presence o f  m an ipu latives  
may f a c i l i t a t e  the modeling process during the performance o f s p a tia l 
ta s k s .
I t  seems d e s ira b le  to attem pt to  id e n t ify  mathematical to p ics  
which are re la te d  t o ,  o r are  learned  more e a s ily  w ith  w ell-developed  
s p a tia l s k i l l s .  T h e re fo re , in  the  data ana lysis  o f  th is  study, p a r t ic u ­
l a r  focus was given to  students' s o lu tio n s  o f  problems re q u ir in g  the  
computation o f  volumes o f  so lid s  o f  re v o lu tio n . This calcu lus to p ic  is  
a p re re q u is ite  to  more advanced problem solv ing  in  many areas o f mathe­
m atics and en g in ee rin g , and proves to  be d i f f i c u l t  fo r  some studen ts.
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8By examining the e f fe c t  o f  the treatm ents upon a "volume o f  so lid s  o f  
re v o lu tio n "  measure, we hoped to gain some in s ig h t in to  the nature o f  the  
re la tio n s h ip  between s p a tia l a b i l i t y  and th is  p a r t ic u la r  area o f  ca lc u lu s .
Previous research supports the p o s s ib i l ity  o f  f in d in g  sex d i f f e r ­
ences in  mean scores on measures o f s p a tia l a b i l i t y  and mathematics 
achievement. Again, the  m a jo r ity  o f  th e  research has been conducted w ith  
p re -c o lle g e  age students. Few studies were found which examined sex 
d iffe re n c e s  in  mathematics achievement and s p a tia l a b i l i t y  a t  the co lleg e  
le v e l .  There is  reason to b e lieve  th a t  females studying calcu lus may be 
a ty p ic a l o f  the more general groups o f  females which have been studied  
p re v io u s ly , in  terms o f  s p a tia l a b i l i t y  and mathematical achievement. 
Eisenberg and McGinty (1977) found th a t  students o f  the "unexpected" sex 
fo r  a p a r t ic u la r  course (e .g .  females in  ca lcu lu s , males in  elementary 
education) tended to  score higher on measures o f  s p a tia l reasoning than 
did members o f  the "expected" sex. Perl (Note 4) is o la te d  a fa c to r which 
was an im portant d is c r im in a to r  fo r  g i r ls ,  but not fo r  boys, in  decisions  
to continue the study o f  mathematics. The fa c to r  was composed o f a 
measure o f  s p a tia l a b i l i t y ,  and a measure o f  preference fo r  s te re o ty p i-  
c a l ly  masculine occupations. Her re s u lts  lend fu r th e r  c r e d ib i l i t y  to the  
p o s s ib i l ity  th a t sex d iffe re n c e s  in  s p a tia l a b i l i t y  between males and 
females studying calcu lus may not be as g rea t as would be expected in  a 
less sp e c ia lized  sample. There fore , in  a d d itio n  to  studying the e ffe c ts  
o f s p a tia l t ra in in g , a second o b je c tiv e  o f  th is  research was to compare 
the c h a ra c te ris t ic s  o f  male and female calcu lus students on several 
measures o f  s p a tia l a b i l i t y  and mathematics achievement.
The th ird  major area addressed in  th is  study had to  do w ith the  
possib le  in te ra c tio n  e f fe c ts  o f  sex and s p a tia l tra in in g  type upon s p a tia l
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9and mathematical measures. The work o f  A lle n  (1 9 7 4 ), in  which male and 
female co lle g e  students answered questionn aires about the problem -solv ing  
s tra te g ie s  they used as th ey  took s p a tia l te s ts ,  s tro n g ly  in d ic a te s  th a t  
the s tra te g ie s  used by men and women in  perform ing s p a tia l tasks are  very  
d i f f e r e n t .  She found th a t women tended to guess, or to search fo r  concrete  
re fe re n ts  and proceduresi w h ile  men were more apt to  use "mental ro ta tio n s "  
and ta c t ic s  which were ta s k -s p e c if ic .  Thus in v e s tig a tio n  o f  the in te r ­
actions between sex and treatm en t was in c lu d ed , in  the  hope o f  lea rn in g  
more about the p o te n tia l e ffe c tiv e n e s s  o f  employing d i f f e r e n t  s p a tia l  
t ra in in g  m a te r ia ls  fo r  males and fem ales.
Research Questions
Primary Questions
1 . What a re  the e ffe c ts  o f  th ree  d i f fe r e n t  treatm ent conditions (audio­
v isu a l s p a tia l t r a in in g ,  a u d io -v is u a l-ta c tu a l s p a tia l t r a in in g ,  and 
c o n tro l)  upon posttreatm ent calcu lus achievement and s p a tia l a b i l i t y  
scores?
2. Are th e re  sex d iffe re n c e s  on posttreatm ent calcu lus achievement and 
s p a tia l a b i l i t y  scores?
3 . Are th e re  treatm en t-b y-sex  in te ra c tio n s  on posttreatm ent calcu lus  
achievement and s p a tia l a b i l i t y  scores?
Secondary Questions
1. Is  th e re  a p ra c tic e  e f fe c t  o f  te s t in g  on the p retreatm ent s p a tia l  
a b i l i t y  te s t?
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2. Does the  pretreatm ent s p a tia l a b i l i t y  te s t  in te ra c t  w ith  any o f  the  
treatm en t conditions?
3. Does the calcu lus background p re te s t s e n s it iz e  students to  calcu lus  
in s tru c tio n ?
4 . How do pretreatm ent scores on s p a tia l a b i l i t y  and mathematics achieve­
ment te s ts  compare according to  sex?
5. How w ell are f in a l  ca lcu lus  grades pred ic ted  by pre treatm ent te s ts  o f  
s p a tia l a b i l i t y ,  p reca lcu lus  background, and calcu lus background?
Summary
The th ree  major questions addressed in  th is  research were m otivated  
by study o f  the problem o f  imbalance between males and females in  mathema­
t ic a l  and s c ie n t i f ic  ca re e rs . Much research has been done in  the a f fe c t iv e  
domain, and many a t t i tu d in a l  v a r ia b le s  have been id e n t if ie d  which appear to  
have an e f fe c t  upon p a r t ic ip a t io n  in  mathematics study. On th e  o ther hand, 
there  is  less  research a v a ila b le  concerning the co g n itive  domain, where 
s p a tia l a b i l i t y  is  emerging as a v a r ia b le  o f  some in te re s t .  As a r e s u l t ,  
the present study was conceived to  address some basic aspects o f  s p a tia l 
v is u a l iz a t io n :  the re la t io n s h ip  between s p a tia l a b i l i t y  and m athematics,
sex d iffe re n c e s  in  s p a tia l a b i l i t y ,  and s p a tia l tra in in g  fo r  co lle g e  males 
and fem ales.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER I I
RELATED RESEARCH
Concern w ith  the general questions o u tlin e d  in  Chapter I  m o ti­
vated a l i t e r a t u r e  review  o f  two major areas: th e  study o f  sex d i f f e r ­
ences and the study o f s p a tia l a b i l i t i e s .  In  th e  fo llo w in g  summary o f  
th a t rev iew , the  in tro d u c tio n  to  the sex d iffe re n c e  research e v e n tu a lly  
focuses on s tu d ies  in v e s tig a tin g  questions o f  sex d iffe re n c e s  in  mathe­
m atics p a r t ic ip a t io n  and achievem ent. These stud ies  were c la s s if ie d  as 
being e ith e r  in  the a f fe c t iv e  o r c o g n itive  domain, according to  the  
nature o f  th e  v a ria b le s  s tu d ie d . The second sec tio n  o f  the rev iew  is  
devoted to  th e  study o f  s p a tia l a b i l i t i e s .  An h is to r ic a l  overview  is  
fo llow ed by a summary o f  th e  in fo rm atio n  found in  research on sex 
d iffe re n c e s  in  s p a tia l a b i l i t y ,  in  s p a tia l t r a in in g  s tu d ie s , and f in a l l y  
in  studies probing the re la tio n s h ip s  between mathematics and s p a tia l  
a b i l i t y .
The Study o f  Sex D iffe ren ces
Sex as an independent v a r ia b le  has long been o f  in te re s t  to  
d i f f e r e n t ia l  psychologists ; the  l i t e r a t u r e  on psychological d i f f e r ­
ences between the sexes is  volum inous. Anastasi (1958) compiled a 
comprehensive survey o f  the l i t e r a t u r e  on sex d iffe re n c e s  appearing p r io r  
to  1958. She id e n t if ie d  th re e  im portan t m ethodological and in te rp re t iv e  
d i f f i c u l t i e s  fre q u e n tly  encountered: the f a i lu r e  to  c le a r ly  re p o rt
the s t a t is t ic a l  s ig n ific a n c e  o f  d iffe re n c e s , th e  la c k  o f  a t te n tio n
11
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g iven  to  the degree o f  o ve rlap  between score d is t r ib u t io n s  fo r  males and 
fem a le s , and th e  occasional use o f  n on equ ivalen t samples o f  males and 
fem ales when making comparisons. As those d i f f i c u l t i e s  a re  s t i l l  encoun­
te re d  in  c u rre n t res e a rc h , they a re  w orth .m entio n ing  here. Among the  
a p t itu d e  d iffe re n c e s  acknowledged in  the A nastasi rev iew  were th e  fo llo w ­
in g : males surpass females on te s ts  o f  speed and co o rd in a tio n  o f  gross
b o d ily  movements, s p a tia l o r ie n ta t io n ,  mechanical a p t itu d e ,  and num erical 
a p t itu d e , and fem ales outscore males on measures o f  manual d e x te r i ty ,  
ra p id  perception  o f  d e t a i ls ,  ve rb a l fu n c tio n in g , and c e r ta in  memory ta s k s .  
S ig n if ic a n t  p e rs o n a lity  d iffe re n c e s  mentioned were th a t  males are  more 
a c t iv e  and vigorous in  p lay  a c t i v i t i e s  than fem a le s , who tend to  be 
sed entary and c o n s e rv a tiv e ; th a t  women are  more s o c ia l ly  o r ie n te d  than  
men; and th a t  males d is p la y  h ig h er le v e ls  o f  agg ressiveness and a c h ie v e ­
ment m o tiv a tio n  than fem ales.
Maccoby and J a c k lin  (1974) updated A n a s ta s i's  re v ie w , and th ey
a ls o  cautioned th a t  because o f  th e  s u b s ta n tia l o v e rla p  between score
d is t r ib u t io n s  o f  males and fem a le s , statem ents about s u p e r io r i ty  and
i n f e r i o r i t y  should be used c a r e f u l ly .  The s tu d ie s  inclu ded  in  t h e i r
rev iew  gave f u r th e r  evidence in  support o f  most o f  th e  sex d iffe re n c e s
noted by A nastasi in  1958. However, Maccoby and J a c k lin  (.1974) claim ed
t h a t  many commonly held b e l ie fs  about d iffe re n c e s  between the sexes had
not been e f f e c t iv e ly  dem onstrated, namely th a t
g i r ls  a re  more 's o c ia l '  than b o y s . . .g ir ls  a re  more 's u g g e s t ib le ' 
than b o y s . . .g ir ls  have low er s e l f - e s t e e m . . .g i r ls  a re  b e t te r  a t  
ro te  le a rn in g  and sim ple r e p e t i t i v e  ta s k s ...b o y s  [a re  b e t te r ]  
a t  tasks th a t  re q u ire  h ig h e r - le v e l c o g n it iv e  p ro c e s s in g .. .boys 
are  more 'a n a l y t i c ' . . . g i r l s  a re  more a ffe c te d  by h e r e d i t y . . .  
g i r ls  la c k  achievement m o tiv a tio n , (pp . 34 9 -3 5 1 )
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The m a jo r ity  o f  the sex d iffe re n c e  research has provided o n ly  
d e s c r ip t iv e  d a ta ; a much s m alle r propo rtion  o f  th e  studies have sought 
exp lanation  o f  the o r ig in s  o f  observed sex d iffe re n c e s  in  a p titu d e  and 
p e rs o n a lity . B io lo g ic a l exp lana tions  o f  fem ale in te l le c tu a l  i n f e r i o r i t y  
have been w ell respected in  t h e i r  tim e (S h ie ld s , 1 9 7 5 ). E a rly  in  th is  
cen tury  i t  was believed  th a t  women were i n t e l le c t u a l ly  in fe r io r  to  men 
because th e ir  brains were s m a lle r ( E l l i s ,  190 8 ); the  d iscovery th a t  
bra in  s iz e  is  u n corre la ted  w ith  in te ll ig e n c e  caused re je c t io n  o f  the  
E l l is  hypothesis . More recen t b io lo g ic a l exp lana tions are more sophis­
t ic a te d  and d e ta i le d .  For example, the importance o f  hormonal and 
endocrino log ica l in flu en ces  in  the development o f  sex d iffe re n c e s  in  
human behavior and c o g n itio n  has been suggested by many s c ie n t is ts  
(Broverman, K la ib e r , Kobayashi, & V ogel, 1968; Lam bert, 1978; P etersen, 
1976; R e in isch , Gandelman, & S p ie g e l, 1979; Waber, 1976, 197 7 ). These 
researchers have proposed various com plicated models rep rese n tin g  the  
th e o re t ic a l mechanisms by which sex hormones or end ocrino log ica l co n d i­
tio n s  in flu e n c e  c o g n itiv e  perform ance. C r it ic s  o f  these models have 
argued th a t  the evidence supporting the th eo ries  is  in co n c lu s ive , and 
th ey  may sometimes have presented t h e i r  own data as a means o f  re fu ta t io n  
(P a r le e , 1972; Sherman, 1977; S inger & Montgomery, 1 9 6 9 ). A d i f f e r e n t  
b io lo g ic a l hypothesis is  th a t c e r ta in  in te lle c tu a l  t r a i t s  a re  lin k e d  to  
th e  X-chromosome (Lehrke , 1972, 1974; S ta f fo rd , 1 9 6 1 ), but th is  th eo ry  
a lso  has been re fu te d  (Bock, 1967; D eFries , Ashton, Johnson, Kuse, McClearn, 
M i, Rashad, Vandenberg, & W ilson , 1 9 7 6 ). A th ir d  possib le  b io lo g ic a l  
exp lana tion  fo r  th e  d i f f e r e n t ia l  performance o f  males and females on 
c e r ta in  c o g n itiv e  tasks has been advanced by those who study the o rg an iza ­
t io n  o f  higher c o r t ic a l  fu n c tio n s . There has been some experim ental
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evidence to  support th e  notion o f  s e x -re la te d  d iffe re n c e s  in  b ra in  o rg a n i­
z a t io n  (Lake & Bryden, 1976; L a n s d e ll, 1962; McGlone, 1976; McGlone & 
K e rtesz , 1973; Tucker, 19 7 6 ). Hem ispheric o rg a n iz a tio n  is  be lie ved  by 
some to  have a strong e f fe c t  on behavior and c o g n it iv e  fu n c tio n in g  
(B u ffe ry  & G ray, 1972; Dimond & Beaumont, 1974; Levy, 1972; M iln e r , 1971; 
S p erry , 19 7 5 ). The re s u lts  in  th is  area have been c o n tra d ic to ry , but 
th e re  seems to  be promise th a t  f u r th e r  development o f  these n e u ro b io lo g i-  
cal th e o rie s  may e v e n tu a lly  r e s u l t  in  b e tte r  understanding o f  sex d i f f e r ­
ences in  c o g n it iv e  perform ance. W it t ig  and Petersen (1979) have c o lle c te d  
a group o f  papers which a l l  address the c u rre n t s ta tu s  o f  research on 
b io lo g ic a l fa c to rs  a f fe c t in g  c o g n it iv e  sex d iffe re n c e s . They noted th a t  
"the  issues reviewed a re  c o n tro v e rs ia l . .  .b u t th e  f in a l  conclusions a re  
l e f t  to  the r e a d e r . . .o r  to  subsequent research" (p . 1 5 ) .
S o c io lo g ica l con d itions a lso  are  l i k e l y  to  be resp o n sib le  fo r  a 
p o rtio n  o f  the sex d iffe re n c e s  in  beh avio r and i n t e l l e c t .  Kogan (1976 )  
commented th a t  "sex in te ra c ts  w ith  age, socioeconomic s ta tu s , c u ltu ra l  
background, and p o s s ib ly  w ith  o th e r  demographic v a r ia b le s . . .th e  presence 
o f  such in te ra c tio n s  c o n s titu te s  a strong argument a g a in s t any a l l -  
pervas ive  b io lo g ic a l exp lana tion  o f  sex d iffe re n c e s "  (p .  1 0 3 ).  His 
view p o in t has been expressed by o th e r experts  as w e ll (Maccoby & J a c k lin ,  
1 9 7 4 ). Anastasi suggested in  her rev iew  th a t  physica l and b io lo g ic a l  
d iffe re n c e s  between the sexes may cause c e r ta in  s o c io lo g ic a l d if fe re n c e s ,  
but more f re q u e n t ly , d i f f e r e n t ia l  s o c ia l iz a t io n  and environm ental 
experience have been mentioned by o th ers  as determ in ants o f  the so c io ­
lo g ic a l  and b io lo g ic a l d iffe re n c e s  between the sexes.
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In  a study o f  s tu d en ts  who a tte n d e d  h igh school between 1955 
and 1 9 6 0 , M a rin i and G reenberger (1 9 7 8 ) found th a t  boys a s p ire d  to  
and expected  h ig h er le v e ls  o f  ed u ca tio n a l a tta in m e n t th an  g i r l s  d id ,  
and t h a t  th e  d iscrep an cy between e d u c a tio n a l a s p ira t io n s  and 
e x p e c ta tio n s  was g re a te r  f o r  g i r ls  than f o r  boys a t  h ig h e r le v e ls  o f  
a s p ir a t io n . .  There a re  some who would sug gest th a t  th e  reason f o r  such 
f in d in g s  is  roo ted  in  s o c ia l ly  induced s te re o ty p e s  and d i f f e r e n t i a l  
s o c ia l iz a t io n .  B lock (1 9 7 3 ) p o s ited  t h a t  th e  s o c ia l iz a t io n  process  
in  o u r c u l tu r e
enhances e x p e r ie n t ia l  o p tio n s  and encourages more an d ro ­
gynous sex r o le  d e f in i t io n  fo r  m a les , and f o r  women i t  
re in fo rc e s  n u tu ra n t, d o c ile ,  sub m issive and c o n s e rv a tiv e  
a sp ects  o f  t r a d i t i o n a l ly  d e fin ed  fem a le  r o le s .  B e h av io ra l 
o p tio n s  a re  narrowed fo r  women and broadened fo r  men.
(p .  525)
Th is  n o tio n  o f  the b e h a v io ra l in h ib i t io n  o f  women being induced by 
s o c ie ta l  experiences  a ls o  was discussed by Horner (1 9 7 2 ) :
. . . t h e  s o c ie ta l s te re o ty p e  which view s com petence, in d e ­
pendence, c o m p e titio n , and in t e l le c t u a l  achievem ent as  
q u a l i t i e s  b a s ic a l ly  in c o n s is te n t  w ith  f e m in in i ty  le a d s  
achievem ent m o tiv a te d  women to  be in h ib it e d  in  p e r fo r ­
mance and le v e ls  o f  a s p ir a t io n ,  (p .  157 )
O ther s c h o la rs , in  a v a r ie t y  o f  f i e l d s ,  have d e a lt  w ith  th e  issues o f  
s e x -r o le  s te re o ty p in g  and s o c ia l iz a t io n ,  and w ith  th e  in te r a c t io n  
between th e s e  processes and th e  developm ent o f  d i f f e r e n t i a l  c o g n it iv e  
and a f f e c t i v e  c h a ra c te r is t ic s  in  males and fem ales (Broverm an, V o g e l,
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Broverman, C larkson, & R osenkrantz, 1972; Kagan, 1970; M is c h e l, 1970; 
S te in  & B a ile y ,  197 3).
The purpose o f  th is  sec tio n  has been to  g ive an in d ic a tio n  o f  
the breadth o f  the sex d iffe re n c e  resea rch , and to  present a few o f  
the m ajor f in d in g s . C o g n itive  and behavioral d iffe re n c e s  have been 
demonstrated and in v e s tig a te d , and b io lo g ic a l and s o c io lo g ic a l  
in flu en ces  have been suggested as possib le  o r ig in s  o f the d iffe re n c e s .  
The focus in  th e  fo llo w in g  sec tio n  narrows to  the sub ject o f  sex 
d iffe re n c e s  in  mathematics achievement and p a r t ic ip a t io n .
Sex D iffe re n c e s  and Mathematics
Subsumed w ith in  the broad area o f  sex d iffe re n c e  research is  
the research concerned w ith  the d i f f e r e n t ia l  p a r t ic ip a t io n  and ach ieve­
ment in  mathematics by males and fem ales. C u rren t in te re s t  in  th is  area 
stems from th e  concern o f  educators and some m athem aticians about the  
d is p ro p o rtio n a te ly  small numbers o f  women choosing careers which 
re q u ire  thorough or advanced prep a ra tio n  in  m athem atics. This concern 
is  w ell grounded in  fa c t ;  in  1977, on ly  10.3% o f  th e  d o c to rate  holders  
in  science and eng ineering  in  th e  United S ta tes  were women; in  mathe­
m atics , the p ropo rtion  o f  women doctorates was an even sm a lle r 7.4%
(NRC, 1 9 7 8 ). Reports from secondary schools confirm  the p ro p o rt io n a te ly  
sm aller re p re s e n ta tio n  o f  young women in  mathematics courses. Responses 
on the C o llege Board's S tudent D e s c rip tiv e  Q uestion naire  (CEEB, 1978) 
in d ic a te d  th a t  in  1977-78 , in  New Hampshire, 36% o f  the fem ale high  
school students answering the q u e s tio n n a ire  had completed fo u r years o f  
high school m athem atics, in  comparison w ith  51% o f  the male s tu d en ts .
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Data c o lle c te d  by Fennema and Sherman (1978 ) on secondary school e n r o l l ­
ments in  Wisconsin in d ic a te d  c le a r  choice by females not to  e n ro ll in  
h igher le tfe l course o ffe r in g s  in  comparable p ropo rtion  w ith  m ales. Begin­
ning w ith  second y e a r a lgebra and co n tin u in g  through c a lc u lu s , the p erce n t­
age o f  females e n ro lle d  decreased d ra m a tic a lly  in  the W isconsin sample.
A s im ila r  s itu a t io n  e x is ts  a t  the c o lle g e  le v e l .  Enro llm ent 
f ig u re s  a t  the U n iv e rs ity  o f  New Hampshire (UNH) fo r  th e  past two academic 
years in d ic a te d  th a t  in  th ree  o f  th e  f iv e  undergraduate c o lle g e s , more 
women were e n ro lle d  than men. However, in  the C o llege o f  Engineering and 
Phsyical Sciences, and in  the W hittemore School o f  Business and Economics, 
undergraduate women were outnumbered (see Table 1 ) .
Tab le  1
UNH Enro llm ent Percentages by Sex and C o llege  
in  1978-79 and 1979-80
1978.-79 1979--80
Colleges sem.. I sem. I I sem. I sem. I I
M F M F M F M F
L ife  Sciences and 
A g ric u ltu re 41% 59% 40% 60% 40% 60% 39% 61%
L ib e ra l A rts 38% 62% 36% 64% 39% 61% 38% 52%
Engineering and 
Physical Sciences 80% 20% 81% 19% 79% 21% 79% 21%
Whittemore School 70% 30% 69% 31% 69% 31% 68% 32%
H ealth  Studies 18% 82% 19% 81% 16% 84% 16% 84%
N o te . Adapted from "U n iv e rs ity  C o unts ,"  O ff ic e  o f  th e  R e g is tra r ,  
O ct. 10 , 1979, and Feb. 28 , 1980.
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W idely p u b lic ize d  data c o lle c te d  by S e lls  (1973) showed th a t a t  the  
U n iv e rs ity  o f  C a li fo rn ia ,  B e rk e le y , in  1972, 57% o f  the young men ap p ly ­
ing fo r  admission as freshmen had taken four years  o f  high school mathe­
m atics , w h ile  on ly  8% o f  the fem ale ap p lican ts  had done so. This r e a l i t y  
blocked 92% o f  the adm itted women from more than h a l f  o f  the a v a ila b le  
m ajors, because calcu lus was a requirem ent, and th e  women did not meet 
the p re re q u is ite s  fo r  c a lc u lu s .
Summaries o f  enro llm en t fig u re s  in  mathematics courses g ive  some 
evidence to support the observation  th a t females do not pursue th e  study  
o f  mathematics as long as males do. This observation  generates a v a r ie ty  
o f questions, in c lu d in g : why do males and females d i f f e r  in  the number 
o f mathematics courses they choose to take; what a re  the im p lic a tio n s  o f  
the d i f f e r e n t ia l  prepara tion  in  mathematics in  terms o f  career oppor­
tu n i t ie s ;  and what in te rv e n tio n  s tra te g ie s , i f  any, a re  l ik e ly  to  have 
successful impact on e lim in a tin g  th e  in e q u ity . E ffo r ts  have been made 
by mathematics educators to  answer each o f  these q u e rie s , and are  
summarized in  the  fo llow ing  s e c tio n s . P a r t ic u la r  a t te n tio n  has been 
reserved fo r  hypotheses designed to  e lu c id a te  th e  reasons fo r  d i f f e r ­
e n tia l p a r t ic ip a t io n .
The im p lic a tio n s  o f  d i f f e r e n t ia l  p rep a ra tio n  in  mathematics, fo r  
males and fem ales, in  terms o f  caree r o p p o rtu n itie s  and income p o te n t ia l,  
seem obvious. The College Placement C o uncil's  S a la ry  Survey (c ite d  in  
S e lls ,  1978) l is t e d  mean s ta r t in g  s a la r ie s  fo r  students graduating w ith  
bachelor's  degrees, by f ie l d ,  in  th e  spring o f 1977 (see Table 2 ) .  Areas 
high ly  dependent upon mathematics commanded the h ighest s a la r ie s .
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Tab le 2
Mean S ta r t in g  S a la r ie s  by Academic Area in  1977









11 ,400  
10,056
9,948
Note. From S e lls ,  1978, p. 138.
S e lls  (1973) labeled  mathematics the " c r i t ic a l  f i l t e r "  re g u la tin g  career  
o p p o rtu n it ie s . More re c e n tly  ( S e l ls ,  197 8 ), she has stressed the need 
to  inform  parents, teach e rs , counselors, and school ad m in is tra to rs  o f  
the  importance o f  high school m athematics. She is  supported in  th is  
view  by several others (C ass erly , 1978; Fox, 1977; Shoemaker, 1 978 ).
A number o f  research e f fo r ts  have been undertaken to  study the  
reasons fo r  the d iffe re n c e s  between male and fem ale mathematics p a r t i  -  
c ip ta t io n  and achievement. The v a r ia b le s  which have been measured may 
be c la s s if ie d  as e ith e r  a f fe c t iv e  o r c o g n itiv e ; stud ies  in  both o f  these  
areas w il l  be summarized.
A ffe c tiv e  v a r ia b le s . Two comprehensive reviews o f  studies con­
cerning a f fe c t iv e  v a r ia b le s  and the question o f  d i f f e r e n t ia l  p a r t ic ip a ­
t io n  and achievement by sex in  mathematics have been produced re c e n tly
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(Fennema, 1977; Fox* 1 9 7 7 ). The fo llo w in g  v a ria b le s  were l is te d  as 
having been considered in  the research : student a t t i t u d e  toward mathe­
m a tic s , teacher a t t i tu d e  toward m athem atics, paren tal a t t i t u d e  toward 
m athem atics, p e e r .a t t i tu d e  toward m athem atics, student perceptions o f  the  
usefulness o f  m athem atics, tendency to  la b e l mathematics as a male domain, 
confidence in  le a rn in g  mathematics, and a n x ie ty  about m athem atics. Both 
review ers concluded th a t  the behavior o f  p aren ts , teach e rs , and peers 
serves to  perpetuate and re in fo rc e  the  message th a t mathematics is  a domain 
fo r  m ales, and th a t s o c ie ta l s tereotypes s t i l l  exe rt strong in flu en ce  on 
young women not to p a r t ic ip a te  in  mathematics a t  advanced le v e ls .
Several stud ies have in d icate d  th a t  males p erce ive mathematics as 
being p o te n t ia lly  more usefu l to them than females do. H ilto n  and Berg- 
lund (1974) found s ig n i f ic a n t  sex d iffe re n c e s  in  the perce ived usefulness  
o f  mathematics in  n in th  and eleventh graders ; young men viewed mathematics 
courses as being more im portan t to  them in  earning a l iv in g  than young 
women d id .  In  1971 Haven found support fo r  the view th a t  th e  two best 
p re d ic to rs  o f  co n tin u atio n  o f  mathematics study in  high school fo r g i r ls  
were th e  perceived usefulness o f mathematics fo r  fu tu re  educational and 
caree r g o a ls , and s tronger in te re s t  in  the n atural sciences than the  
so c ia l sc iences. In  Armstrong and K ah l's  an a lys is  (Note 2) o f  data from 
the N a tiona l Assessment o f  Educational Progress, the perce ived usefulness  
o f  mathematics again c o rre la te d  h ig h ly  w ith  cou rse-taking  fo r  both sexes.
Despite the high le v e l o f  consciousness concerning th e  a lleg ed  
freedom o f young women to  choose careers in  any f ie l d ,  the  r e a l i t y  faced  
by young women appears to  inc lu de  c o n f l ic t  when they consider career  
choices which are  not t r a d i t io n a l ly  fe m in in e . Role c o n f l ic t  and the
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absence o f  fem ale models have been suggested as having negative e ffe c ts  
on the development o f  career in te re s ts  in  s c ie n t i f ic  f ie ld s  fo r  young 
women (A s t in , 1969; P red ig er, McLure, & Noeth, 1976; Rossi,
1965). The presence o f  neg ative  and u n a ttra c t iv e  stereotypes o f mathema­
tic ia n s  and s c ie n t is ts  may a lso  serve to d e te r females from studying those 
areas (Ahlgren & Walberg, 1973; Mead & M etraux, 1 957; P lost & Rosen, 1974; 
Luchins, Note 8 ) .  S e x -ro le  s tereo typ ing  e x is ts  in  adolescents and high 
school studen ts , and students o f  both sexes a re  l i k e l y  to  la b e l mathema­
t ic s  as a male domain (E rn e s t, 1975; Fennema & Sherman, 1977; Sherman & 
Fennema, 1 9 7 7 ). Several researchers have demonstrated th a t peer pressure  
operates s tro n g ly  on decisions re la te d  to course choice (C ass erly , 1975; 
Entw isle & Greenberger, 1972; Husbands, 1 972; Sh ap iro , 1 9 6 2 ). G ir ls  may 
be discouraged from mathematical pursu its  as a r e s u lt  o f  th a t  pressure  
and the presence o f  stereotypes which are n e g a tiv e . The behavior o f  
paren ts, teach e rs , and counselors a lso  has impact upon student decisions  
(A iken, 1970; Ernest, 1975; Fox, 1977; Fennema & Sherman, 1977; H i l l ,
1967; Poffenberger & Norton, 1959; S teel & W ise, Note 5 ) ,  o fte n  causing 
g ir ls  to  be guided away from mathematics courses.
A v a r ia b le  which Fennema (1978) lab e led  "co nfidence-anx ie ty" has 
been mentioned fre q u en tly  w ith in  the context o f  d i f f e r e n t ia l  mathematics 
p a r t ic ip a t io n  and achievement (C allahan & Glennon, 1975; C ra n d a ll,  
Katkovsky, & Preston, 1962; Crosswhite, 19 7 2 ). On the basis o f  her data , 
Fennema (1978) stated  th a t " i t  appears reasonable to  b e lie ve  th a t  le s s e r  
confidence, o r g rea te r an x ie ty  on the p a rt o f  females is  an im portant 
v a ria b le  which helps exp la in  s e x -re la te d  d iffe re n c e s  in  mathematics 
studying" (pp. 111 -11 2 ). Tobias (1976, 1978) popularized  the concept o f
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"math an x ie ty"  and suggested th a t  a n x ie ty  in  mathem atical s itu a tio n s  is  
a prim ary d e te rre n t to  mathematics course e le c t io n ,  e s p e c ia lly  fo r  fem ales. 
Her view was based la rg e ly  on personal experience w ith  m ath-avoid ing  
s tuden ts . Using data  from NLSMA, Perl (Note 4) argued to the c o n tra ry ,  
and claimed th a t  i t  is  u n lik e ly  th a t  a n x ie ty  is  even in d ir e c t ly  im portan t 
in  dec isions to  e le c t  m athem atics. A need fo r  fu r th e r  research along the  
"co n fid en c e -a n x ie ty "  dimension is  in d ic a te d .
In  response to  the study o f  a f fe c t iv e  v a r ia b le s ,  e f fo r ts  have 
been in i t ia t e d  which have the in te n tio n  o f  in c reas in g  the mathematics 
p a r t ic ip a t io n  o f  fem ales. The "math an x ie ty "  programs, such as the  one 
developed by Tobias a t  Wesleyan U n iv e rs ity  (T o b ias , 1978) have achieved  
a f a i r  degree o f  n o to r ie ty  in  th e  popular press . S im ila r  programs have 
been introduced a t  S tan ford  U n iv e rs ity , Harvard U n iv e rs ity , W e lle s le y  
C o lleg e , and M il ls  C o lleg e . R e lated  p ro jec ts  designed to  a l t e r  a t t i t u d e  
and to  encourage p a r t ic ip a t io n  e x is t  a t  both the secondary and c o lle g e  
le v e ls  (A f f la c k ,  1978; S te n t, 1977; Blum, Note 6 ) .  Casserly (1978) 
described several schools which have su c c e s s fu lly  i n i t i a te d  special 
e f fo r t s  on b e h a lf o f  young women. These programs in co rp o ra te  the use o f  
o ld e r  g i r ls  as counselors w ith  in te n s iv e  e f fo r ts  to  improve communication 
among mathematics tea c h e rs , p a re n ts , s tuden ts , and counselors, as a 
means o f  oepning caree r p o s s ib i l i t ie s .  More general programs designed 
to  combat s e x -ro le  s te re o ty p in g , and to  in flu e n c e  s e x -ro le  development, 
a lso  have been proposed and in s t i t u te d .  G uttentag and Bray (1 9 7 6 ), who 
developed a "no nsexist in te rv e n t io n  p ro je c t"  fo r  elem entary and ju n io r  
high school s tu d en ts , l i s t  in  t h e i r  book a v a r ie ty  o f  resources in  th is  
a re a .
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To summarize the  p reced ing  d is c u s s io n , i t  is  f a i r  to  say th a t  
a f fe c t iv e  v a r ia b le s  p la y  a m ajor r o le  in  e x p la in in g  th e  d if fe re n c e s  which  
have been observed between males and fem ales in  t h e i r  m athem atics course’-  
ta k in g  p a t te rn s .  A tt itu d e s  and s o c ie ta l  s te re o ty p e s  seem to  e x e r t  c o n s i­
d e ra b le  in flu e n c e  upon d ec is io n s  about p a r t ic ip a t io n ,  p a r t ic u la r ly  fo r  
fem a le s , in  th e  area  o f  m athem atics . Some programs have been c re a te d  in  
an a tte m p t to  a l le v ia t e  the  im b alan ce , but most e f f o r t s  a re  o n ly  a t  v e ry  
elem entary  s ta g e s .
C o g n itiv e  v a r ia b le s . The resea rch  on a f f e c t iv e  v a r ia b le s  which 
was discussed in  th e  previous s e c tio n  is  im p o rtan t in  understanding th e  
reasons fo r  observed d iffe re n c e s  in  m ale and fem ale  m athem atics p a r t i c i -  
p a tio n ; c o g n it iv e  v a r ia b le s  a re  g e n e ra lly  reco g n ized  as being im p o rta n t  
in  understanding mathematics achievem ent (A ik e n , 1 9 7 1 ). A lthough th e re  
has beerr some s p e c u la tio n  con cern in g  th e  r o le  o f  c o g n it iv e  v a r ia b le s  in  
in flu e n c in g  m athem atics p a r t ic ip a t io n ,  th a t  r o le  is  not w ell understood  
(Fennema, 1 9 7 7 ).
Sex has not always been regarded as an im p o rtan t independent 
v a r ia b le  in  resea rch  on c o g n it iv e  v a r ia b le s .  In  a comprehensive re v ie w  
done in  1960, Feierabend surveyed hundreds o f  s tu d ie s  o f  psy ch o lo g ica l 
problems in  m athem atics le a rn in g , but mentioned sex o n ly  c a s u a lly  in  th e  
re v ie w . In  f a c t ,  some workers in  ed u ca tio n a l resea rch  have d is reg ard ed  
a lto g e th e r  th e  p o s s ib i l i t y  o f  sex d iffe re n c e s  in  m athem atical th in k in g ;  
Spearman (1 9 2 7 ) f e l t  th a t  should a b i l i t y  d iffe re n c e s  e x is t ,  then undoubtedly  
would be in s ig n i f ic a n t ,  and p ro b a b ly  would depend more on environm ent 
than on in te rn a l  c o n d it io n s ..  K r u te ts k i i  (1 9 7 6 ) s ta te d  th a t  "w ith  a l l  
c e r t a in ty  our re s e a rc h . . .d id  not re v e a l any q u a l i t a t i v e ,  s p e c if ic
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c h a ra c te r is t ic s  o f  the m athem atical th in k in g  o f  boys and g i r ls "  (p . 343 ). 
However, he a lso  observed th a t  "ap p ro p ria te  research on q u a li ta t iv e  d is ­
t in c tio n s  in  th e  m athematical th in k in g  o f  boys and g i r ls  is  la c k in g  in  
So vie t psychology. A p p aren tly , i t  is  regarded as going w ith o u t saying  
th a t  th ere  a re  no d iffe re n c e s  in  p r in c ip le  in  th is  area" (p . 3 4 1 ).  Con­
tinued in v e s tig a tio n  o f  p o s s ib le  sex d iffe re n c e s  in  c o g n itiv e  areas is  
ju s t i f ie d .
In  a review  o f  th e  research  on in t e l le c t iv e  v a r ia b le s  re la te d  to  
mathematics achievement, Aiken (1971) included a section  on sex d i f f e r ­
ences in  mathem atical a b i l i t y .  The fin d in g s  suggested th a t  in  elem entary  
school, g i r ls  score higher than boys on te s ts  o f  verbal f lu e n c y , a r i t h ­
m etic fundam entals, and ro te  m em orization, w h ile  boys score h igher than 
g ir ls  on te s ts  o f  a r ith m e tic  reasoning . Beyond adolescence, males con­
s is te n t ly  have been found to  ach ieve b e tte r  re s u lts  than fem ales in  mathe­
m atics achievement (Fennema & Sherman, 1977; Maccoby & J a c k lin , 1974; 
M u ll is ,  1 9 7 5 ). W erdelin (1961) contended th a t  th is  s u p e r io r i ty  m ight be 
the re s u lt  o f  th e  s u p e r io r ity  o f  males on h igher le v e l c o g n it iv e  tasks , 
but th a t  view has not been researched by o th e rs .
Sex d iffe re n c e s  m an ife s t themselves in  several c o g n it iv e  areas , 
and o fte n  th e  connection between such c o g n itiv e  sex d iffe re n c e s , and 
d iffe re n c e s  in  mathematics achievement a re  not c le a r ly  understood. Three 
examples o f  such areas are  verb a l a b i l i t y ,  th e  f ie l d  dependence-indepen- 
dence dimension o f  co g n itive  s t y le ,  and s p a tia l a b i l i t y .
A p o s it iv e  re la t io n s h ip  between verba l a b i l i t y  and mathematics 
achievement has been documented fo r  a v a r ie ty  o f  school grades. High 
c o rre la t io n s  between verbal and mathematical measures have been reported
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
by several researchers (C le l and & T ou ssa in t, 1962; C o t t r e l l ,  1968; E r ic k ­
son, 1958; Iv a n o f f ,  DeWane, & Praem, 1965; P i t t s ,  1952). Female su p e rio r­
i t y  on verbal measures has a lso  been found o fte n  (Maccoby & J a c k lin , 197 4). 
This combination o f  in fo rm ation  poses a paradox; the theory would support 
the s u p e r io r ity  o f  females in  mathematical endeavors, given th e  d i f f e r ­
ence in verba l fun ctio n in g  a b i l i t y  and i t s  importance in  mathem atics.
The problem w arrants fu r th e r  exam ination .
Sex has been used re p e a te d ly  as an independent v a r ia b le  in  the  
work o f  W itk in  and his colleagues (W itk in , 1965; W itk in , Dyk, Faterson , 
Goodenaugh, & Karp, 1962) on th e  f ie l d  dependence-independence dimension 
o f  the c o g n itiv e  s ty le  c o n s tru c t. Women are a lle g e d  to  be more global 
and passive in  t h e i r  s ty le  o f  cog n itio n  ( f i e l d  dependent), w h ile  men are  
a lle g e d ly  more a n a ly t ic a l ( f i e l d  independent), on the  average. Several 
studies have in d ic a te d  th a t m athematical success and enjoyment is  f a c i l i ­
ta te d  by f ie l d  independence (Chung, 1967; C la r ,  19 7 1 ). F urther work in  
th is  area is  necessary fo r  more d e ta ile d  understanding o f these phenomena.
S p a tia l a b i l i t y  also has received some a t te n tio n  as a v a r ia b le  
which is  p o te n t ia l ly  im portant in  understanding sex d iffe re n c e s  in  mathe­
m atics achievem ent. The present in v e s tig a tio n  is  d ir e c t ly  concerned w ith  
the re la tio n s h ip s  among s p a tia l a b i l i t y ,  mathem atical achievement, and 
sex d iffe re n c e s . A review  o f  the l i t e r a t u r e  on s p a tia l a b i l i t y ,  and a 
discussion o f  i t s  p o s itio n  in  th e  "sex d iffe re n c e  in  mathematics" research  
w il l  fo llo w  in  the second sec tion  o f  th is  ch a p te r.
The l i t e r a t u r e  demonstrates co n vin c in g ly  th a t sex d iffe re n c e s  in  
mathematics achievement and p a r t ic ip a t io n  do e x is t ,  and are  a cause o f  
concern to  edu cators, as w ell as to  the general p u b lic . Researchers have 
focused on th re e  aspects o f  th e  problem: they have gathered d e s c r ip tiv e
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da ta , they have sought exp lana tions  fo r  th e  in e q u ity , and to  a sm aller 
e x te n t , th ey  have implemented in te rv e n tio n  s tra te g ie s .  In s o fa r  as causes 
and exp lana tions  are  concerned, a f fe c t iv e ,  s o c io lo g ic a l,  and a t t i tu d in a l  
fa c to rs  seem to  account fo r  much o f  the d isp layed  d iffe re n c e  in  p a r t ic ip a ­
t io n .  However, research e f fo r ts  in  the c o g n it iv e  domain have not y ie ld e d  
as much in fo rm atio n  as have those in  the a f fe c t iv e  domain.
The Study o f  S p a tia l A b i l i t y
S p a tia l a b i l i t y  in  various forms has emerged as an im portan t 
v a r ia b le  in  many discussions o f  sex d iffe re n c e s  in  mathematics achievement 
(Fennema, 1977; Schonberger, 1978; Sherman, 1 9 7 7 ), owing to  th e  e x te n s iv e ly  
documented male s u p e r io r ity  which has been demonstrated on a v a r ie ty  o f  
s p a tia l measures. (More d e ta ile d  d iscussion fo llo w s in  a l a t e r  s e c tio n .)  
A c tu a lly  s p a tia l a b i l i t y  has been o f  in te re s t  to  psychologists  since the  
use o f  fa c to r  an a lys is  became widespread in  q u a n tita t iv e  resea rch . In  h is  
famous 1938 study o f  mental a b i l i t i e s ,  Thurstone described a fa c to r  c a lle d  
S, which was formed by te s ts  th a t  he f e l t  were s p a tia l o r  v is u a l in  
c h a ra c te r. Since th a t  t im e , a space fa c to r  o f  some s o rt has appeared in  
several fa c to r -a n a ly t ic  s tu d ies  (B u r t ,  1949; C a t t e l l ,  1971; Royce, 197 3 ).
In  a review  o f  fa c to r -a n a ly t ic  s tu d ie s , W olfe (1940) commented th a t the  
space fa c to r  was the second most fre q u e n tly  id e n t if ie d  fa c to r  in  analyses 
o f  in te l le c t u a l  a b i l i t y ,  fo llo w in g  the  verba l fa c to r .  McGee (1979) pro­
vided a d e ta i le d  review  o f  the e a r ly  fa c to r -a n a ly t ic  s tu d ie s .
H is t o r ic a l ly  th e re  has been disagreement on the number and type  
o f  s p a tia l fa c to rs .  F ruch ter (1954) compiled an overview  o f  th e  h is to ry  
and background o f  the e a r ly  measurement o f  s p a tia l a b i l i t i e s ,  which 
included exp lana tions o f  some o f  the best known fa c to r  in te rp re ta t io n s .
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According to  F ru c h te r, in  G u ilfo rd 's  work w ith  the A v ia tio n  Psychology 
Program (G u il fo rd ,  1 9 4 7 ), two fa c to rs  were id e n t if ie d ;  these  were c a lle d  
" s p a tia l re la t io n s "  and " v is u a l iz a t io n ."  F ru ch te r rep o rted  th a t  G u ilfo rd  
described " v is u a liz a t io n "  as an o p e ra tio n  in v o lv in g  v is u a l m an ip u la tive  
a b i l i t y :
in  s o lv in g  the problem s, i t  is  necessary to  move, tu r n ,  tw is t  or  
r o ta te  an o b je c t o r o b je c ts  and to  recog n ize  a new appearance or  
p o s it io n  a f te r  th e  p rescribed  m an ip u la tio n  has been perform ed.
(p . 390)
Although in te rp re ta t io n  o f  "s p a tia l re la t io n s "  was less  c le a r ,  i t  suggested 
the a b i l i t y  to  make d is c r im in a tio n s  as to  th e  d ire c t io n  o f  m otion , such as 
up and down, l e f t  and r ig h t ,  and in  and o u t .  In  1949, B u rt id e n t if ie d  
what he la b e le d  as a " p ra c tic a l fa c to r ,"  in v o lv in g  the a b i l i t y  to manip­
u la te  v is u a l s p a tia l images. A su b fac to r o f  B u rt 's  p ra c t ic a l  fa c to r  was 
c a lle d  the  "space fa c to r ,"  and th a t  in vo lved  rearrangem ent, p erce p tio n , 
and in te rp re ta t io n  o f  s p a t ia l ly  re la te d  o b je c ts . Thurstone (1950) e la b o r­
ated on th re e  space fa c to rs  named S-j, S2 , and S3 . was described as the  
process o f  recog n izing  an o b je c t from d i f f e r e n t  ang les . S2 involved  
im agining th e  movement o f  p arts  o f  a c o n fig u ra t io n , and S3 was in te rp re ­
ted vaguely  as having to  do w ith  body o r ie n ta t io n  and k in e s th e t ic  im agery.
In  1951, French described th re e  space fa c to rs .  His f i r s t  f a c t o r ,  "space,"  
invo lved p erce iv in g  p a tte rn s  a c c u ra te ly  and comparing o b je c ts  in  two- and 
th ree-d im en sio n s . "S p a tia l o r ie n ta tio n "  was regarded as th e  a b i l i t y  to  
remain unconfused by various  o r ie n ta tio n s  in  which a p a tte rn  may be p re ­
sented. " V is u a liz a t io n "  re q u ire d  th e  m an ip u la tio n  o f  o b je c ts  in  the  
im a g in a tio n .
Examples o f  some o f  th e  pen cil and paper tasks which most f r e ­
quently  a re  used to assess s p a tia l a b i l i t y  le v e ls  a re  given in  Chapter I I I .
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Thurstone, who is  resp o n s ib le  fo r  o r ig in a tin g  many o f these ta s k s , provides  
(1938 , chap. 2 ) d e ta ile d  d e s c rip tio n s  o f th e  th ir te e n  te s ts  which formed 
his o r ig in a l  fa c to r  S. A b a tte ry  o f  c o g n it iv e  te s ts  which is  w id e ly  used a t  
the p resent tim e was developed by French, Ekstrom , and P ric e  (1 9 6 3 ), and 
inc ludes s p a tia l te s ts  arranged in  accordance w ith  the French fa c to rs  which 
were described e a r l ie r .  French 's  o r ig in a l  "space" fa c to r  was rep laced in  
the  b a tte ry  by "s p a tia l scanning," which is  described as "speed in  e x p lo rin g  
v is u a l ly  a wide or com plicated s p a tia l f ie l d "  (Ekstrom , French, & Harman, 
1976, p. 1 5 5 ). Several o f  these te s ts  a re  ad a p ta tio n s  o f T hu rs ton e 's  o r i g i ­
nal measures. S p a tia l o r ie n ta t io n  is  te s te d  by card ro ta t io n  and cube com­
parison ta s k s , w h ile  v is u a l iz a t io n  is  te s te d  by form board, paper fo ld in g ,  
and su rface  development ite m s . S p a tia l scanning is  te s te d  by maze t ra c in g ,  
map p lan n in g , and choosing a path ta s k s . D e ta ile d  d iscuss ion o f these te s ts  
is  provided in  the manual f o r  th e  b a tte ry  (Ekstrom e t a l . ,  1 9 7 6 ).
The p o s s ib i l i t y  th a t  s p a tia l o r ie n ta t io n  and v is u a l iz a t io n  ( in  the  
French sense) are  d i f f e r e n t ia te d  o n ly  by r e l a t i v e  p o s itio n s  on a continuum  
o f co m p lex ity  or d i f f i c u l t y  has been advanced, and is  known as th e  continuum  
hypothesis (Zimmerman, 1 9 5 4 ). C a rro ll (1974 ) observed th a t  both v is u a l iz a ­
tio n  and s p a tia l  o r ie n ta t io n  re q u ire  the m ental ro ta t io n  o f  a s p a tia l con­
f ig u ra t io n .  V is u a liz a tio n  is  more complex in  th a t  re s tru c tu r in g  and s e r ia l  
operations a re  both re q u ire d . Bennett e t  a l . (1974) described the  item  
type devised fo r  t h e ir  Space R e la tio n s  S ubtest o f  the D i f fe r e n t ia l  A p titu d e  
Test (B e n n e tt, Seashore, & Wesman, 1972) as rep rese n tin g  a com bination o f  
two previous approaches to  measurement o f  th e  a b i l i t y .  R e s tru c tu rin g  and 
mental r o ta t io n  are both re q u ire d  in  s o lu tio n  o f  t h e i r  item s.
The term " s p a tia l v is u a liz a t io n "  appears fre q u e n tly  in  the l i t e r a ­
tu re  on th e  d iffe re n c e s  in  mathematics p a r t ic ip a t io n  and achievement between
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the sexes (Fennema & Sherman, 1977, 1978; Sherman, 1979; Sherman & Fennema,
1977; T o b ias , 1 9 7 8 ). I t  is  ap p aren tly  intended to describe  a combination
o f  s p a tia l o r ie n ta tio n  and v is u a liz a t io n ;  Fennema (1977) described i t  in
the fo llo w in g  way:
S p a tia l v is u a l iz a tio n  invo lves  v isu a l imagery o f  o b je c ts , move­
ment o r  change in  the o b jects  themselves o r  change in  t h e i r  
p ro p e rt ie s . In  o th er words ob jects  o r t h e i r  p ro p e rtie s  must be 
m anipulated in  one's "m ind's eye"— o r m e n ta lly , (p .  90)
G en era lly  th e  d e f in it io n s  o f  s p a tia l v is u a l iz a t io n  which a re  provided in  
th is  area o f  the l i t e r a t u r e  convey in  some sense the notion  o f  mental 
m anipu lation  o f  o b jects  in  space. However, c le a r  d e f in it io n s  have not 
always been provided (Brinkmann, 1966; B u rton , 1978; B a rn e tt & Eastman,
Note 7 ) .  Given the concept o f  a continuum o f  com plexity between s p a tia l  
o r ie n ta tio n  and v is u a l iz a t io n ,  the  intended meaning o f  s p a tia l  v is u a l iz a ­
t io n ,  which is  e ith e r  vaguely s ta ted  or im p lied  in  research re p o rts , is  
probably m eaningful and j u s t i f i e d .  I t  is  im p o rta n t, however, in  reading  
discussions which mention s p a tia l v is u a l iz a t io n  and which do not sp e c ify  a 
d e f in it io n ,  to  attem pt to  d iscover the a u th o r 's  meaning by con sidering  the  
te s t  instrum ents which have been used.
An in tr ig u in g  research problem concerns the id e n t if ic a t io n  o f  
the mental processes invo lved  in  the performance o f  s p a tia l ta s k s . Michael 
(1954) suggested a research paradigm using the study o f  in tro s p e c tiv e  rep o rts  
by sub jects  as they solved s p a tia l ta s k s . The paradigm has been app lied  
e a r l ie r  by B a rra t t  (1 9 5 3 ), who in te rv iew ed  84 male co lle g e  students as they  
solved 10 types o f  s p a tia l problems. B a rra t t  attem pted to  in te rp re t  the  
various space fa c to rs  w ith  th e  help o f  the pro toco ls  which he c o lle c te d .
The m ajor assumption in  th.is type o f  research is  th a t  th e  su b je c t can 
a c c u ra te ly  a r t ic u la t e  the mental processes he is  using to  so lve the
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problems , an assumption which may not be j u s t i f i e d .  In  any case, s p e c if ic  
examples o f  B a r r a t t 's  p ro to co ls  a re  included in  Chapter I I I .  Brinkmann 
(1966) ana lyzed in tro s p e c tiv e  re p o rts  from e ig h th  graders before d ev is in g  
a series  o f  s p a tia l t r a in in g  m a te r ia ls .  However, he did not mention how 
many sub jects  were employed in  g a th erin g  these p ro to c o ls , nor whether th ere  
was any sys tem atic  v a r ia t io n  o f  any c h a ra c te r is t ic  o f  the s u b je c ts , such 
as sex o r a b i l i t y .  An in te re s t in g  study which d id  inclu de sex as a 
v a r ia b le  was conducted by A lle n  in  1974. She used q uestionn aires  to  
in v e s tig a te  th e  s o lu tio n  s t ra te g ie s  which c o lle g e  students o f  both sexes 
were using during  th e i r  s o lu tio n s  o f  s p a tia l ta s k s . Her f in d in g s  in d i ­
cated th a t  women were less  e f f i c i e n t  than men on n e a rly  a l l  ta s k s , and 
th a t  women were more apt to  r e s o r t  to  guessing than men were.
An even more o r ig in a l  approach to  in v e s t ig a tin g  the  mental processes 
invo lved  in  s p a tia l problem s o lv in g  has been developed by Shepard and his  
colleagues (Shepard, 1975, 1978; Shepard & Chipman, 1970; Shepard & Feng, 
1972; Shepard & M e tz le r ,  1 9 7 1 ). They have performed chronom etric s tud ies  
o f  s p a tia l problem s o lv in g . In  a study o f  mental ro ta t io n  o f  th ree -d im en ­
sional o b je c ts , Shepard and M e tz le r  (1971) found th a t  the tim e needed fo r  
recog n izing  th a t  two p ersp ec tive  drawings p ortrayed  o b jects  o f  th e  same 
th ree-d im en sion a l shape increased  l in e a r ly  w ith  the  angular d if fe re n c e  in  
th e  portrayed  o r ie n ta tio n s  o f  th e  two o b je c ts . Th is  suggested th a t
the comparison o f  shape was accompanied by f i r s t  carry in g  out 
some s o r t  o f  p u re ly  mental analog o f  an a c tu a l physical ro ta ­
t io n  o f  one o f  the two o b je c ts  in to  congruence w ith  the o th er  
in  th ree-d im en sion al space. (Shepard & Feng, 1972, p. 228)
This fin d in g  le d  to  a search fo r  a s im ila r  isomorphism between physica l
operations and t h e i r  mental an a lo g s , when th e  physica l opera tions  req u ired
a sequence o f  d is t in c t  s p a tia l m an ip u la tio n s , as in  v is u a l iz a t io n .  The
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r e s u lts  suggest th e  ex is ten ce  o f  such an isomorphism. A t th is  p o in t,  
understanding o f th e  mental processes in vo lved  in  th e  performance o f  
s p a tia l tasks is  s t i l l  n e g lig ib le ,  but a promising area  o f  research is  
d e fin e d .
An area which has been s tu d ied  p ro fu s e ly , and which is  re la te d  
to  th e  study o f  th e  mental processes which occur in  s p a t ia l  problem 
s o lv in g , is  the development o f  s p a tia l  concepts in  c h i ld re n . The 
o r ig in a l  work o f  P ia g e t and In h e ld e r  on th e  development o f  s p a tia l  
n o tions  has been t ra n s la te d ,  in te rp re te d ,  r e p l ic a te d ,  and te s te d  in  a 
v a r ie t y  o f  fa s h io n s . According to  Montangero (1 9 7 6 ), in  recen t years  
P ia g e t has sought responses to  the q u e s tio n : "where does such knowledge
[ o f  space] take  r o o t .  . . . "  (p . 99) Smock (1976) has w r it te n  in  d e ta i l  
o f P ia g e t 's  th e o rie s  o f  th e  c o n s tru c tio n  o f  s p a tia l concepts as an 
asp ect o f the development o f general c o g n it iv e  s tru c tu re s . He has 
been c a re fu l to  s p e c ify  th a t  P ia g e t 's  concern is  w ith  conceptual and 
re p re s e n ta tio n a l space, and not w ith  perceptu a l space. ( In  a re la te d  
pap er, Lesh and M ie rk ie w ic z  (1978) have d is tin g u is h e d  between perception  
and conception w ith  sev era l exam ples.) Hence th e re  is  a t  le a s t  a lo g ic a l  
brid g e  between the  developmental issues which are o f in te r e s t  to  P ia g e t,  
and th e  conceptual processes invo lved  in  th e  s o lu tio n  o f s p a tia l tasks  
as described e a r l ie r ,  where ro ta t io n  and sometimes re s tru c tu r in g  are  
re q u ire d .
Most o f  th e  research  in s p ire d  by P iag e t has exp lo red  and te s te d  
h is  th e o r ie s . For example, P iaget contended th a t  the conceptual o rg a n i­
z a t io n  o f  space by young c h ild re n  is  shaped f i r s t  by to p o lo g ic a l judge­
m ents, and la t e r  by Euclidean judgements (P ia g e t & In h e ld e r ,  1 9 6 7 ). Th is  
hypothesis has been in v e s tig a te d  by some researchers (G e e s lin  & Shar, 1979;
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Shar & G e e s lin , 1980) v ia  th e  a n a ly s is  o f  c h i ld re n 's  perform ance on tasks  
designed to  e l i c i t  responses suggesting s p a tia l  p re fe re n c e s . G ees lin  and 
Shar (1979) claim ed th a t  " th e  s e le c t io n  r e s u lts  and in te rv ie w s  ca s t serious  
doubt on P ia g e t 's  co n ten tio n  th a t  c h ild re n  a t  th ese  school le v e ls  cannot 
deal w ith  geom etric p ro p e rt ie s ” (p .  6 6 ) .  They went on to  suggest th a t  
system atic  s tu d ies  o f  th e  le a s t  complex s itu a t io n s  a re  necessary fo r  
understanding th e  s p a tia l p re fe ren ce s  o f  young c h ild re n . In  th e  s p i r i t  o f  
ex p lo rin g  developmental s ta g e s , Greco (1 9 6 4 a , 1964b) s tu d ied  how the  
re p re s e n ta tio n  o f  d isp lacem ents a re  o rg an ized  a t  sev era l age le v e ls .  
C h ild ren  f i r s t  were asked to  p re d ic t  the  r e s u lts  o f  ro ta t io n s  and r e f le c ­
t io n s  o f  v a rio u s  o b je c ts . The second ta s k  was to  re c o n s tru c t tra n s fo rm a ­
t io n s .  Greco ca teg o rized  stu d en t e r r o r s ,  observing  th a t  th e  p ro p o rtio n  
o f  successes increased w ith  ag e , and th a t  w ith  age , su b jec ts  became more 
sys tem atic  in  t h e i r  s o lu t io n s . On the basis o f  th e  work o f  Greco and 
o th e rs , Montangero (1976) hypothesized th a t  in  o rd e r to  le a rn  about s p a tia l  
n o tio n s , c h ild re n  should engage in  a c t i v i t i e s  using m a n ip u la tiv e s , and then  
move on to  d ed u ctive  a c t i v i t i e s  where e m p ir ic a l ,  con crete  re p re s e n ta tiv e s  
do not e x is t .
The work o f  P iag e t and th e  many s tu d ie s  which have been m otiva ted  
by i t  o f fe r  im p ortan t ideas which must be mentioned in  any rev iew  o f  the  
study o f  s p a t ia l  a b i l i t i e s .  No o th e r school o f  research  has prov ided  as 
e la b o ra te  a framework fo r  th e  study o f  th e  development o f  s p a tia l  concepts.
T h is  se c tio n  has in c lu d ed  an h is t o r ic a l  overv iew  o f  th e  f a c to r ia l  
stud ies  o f  s p a t ia l  a b i l i t y ,  a d iscuss ion  o f  th e  d e f in it io n s  o f  th e  s p e c if ic  
s p a tia l a b i l i t i e s  and the tasks  used to  measure them, and a summary o f  
research on th e  mental processes in vo lved  in  s p a t ia l  problem s o lv in g . Sex
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d iffe re n c e s  in  s p a t ia l  a b i l i t y #  th e  re la t io n s h ip  between s p a t ia l  a b i l i t y  
and m athem atics , and th e  previous research  on s p a t ia l  t r a in in g  w i l l  be 
t re a te d  in  th e  fo llo w in g  s e c tio n s .
Sex D iffe re n c e s  in  S p a tia l A b i l i t y
The l i t e r a t u r e  rev iew  has confirm ed th e  f re q u e n t ly  encountered  
c la im  th a t  s ig n i f ic a n t  sex d iffe re n c e s  e x is t  on te s ts  o f  s p a tia l a b i l i t y .  
Male s u p e r io r i ty  on s p a tia l te s ts  throughout w estern  c u ltu re  has been 
demonstrated (A n a s ta s i,  1958; Bock, 1973; G arai & S c h e in fe ld , 1968; Gedeon, 
1945; Fennema, 1974; Maccoby, 1966; Maccoby & J a c k l in ,  1974; M e llo n e , 1944; 
O'Connor, 1943; S m ith , 1948, 1964; S w in efo rd , 1948; T y le r ,  1965; W e rd e lin , 
1 9 6 1 ). Many resea rch ers  have in d ic a te d  the  b e l ie f  th a t  th is  sex d iffe re n c e  
does not become pronounced u n t i l  pub erty  (Maccoby & J a c k lin ,  1 9 7 4 ). How­
e v e r , E l io t  and F r a i le y  (1976 ) suggested th a t  evidence o f  a sex d if fe r e n c e  
in  s p a tia l a b i l i t y  m ight appear e a r l ie r  i f  standard  s p a tia l te s ts  f o r  
young c h ild re n  were designed d i f f e r e n t l y .  Guay and McDaniel (1 9 7 7 ) te s te d  
e lem entary school c h ild re n  on tw o-d im ensional and th re e -d im e n s io n a l s p a t ia l  
ta s k s . Males had s ig n i f ic a n t ly  h ig h er scores on th e  th ree -d im en s io n a l 
measure than d id  fem ale s , but sex d iffe re n c e s  d id  not appear on th e  tw o -  
dim ensional ta s k s . A few re c e n t s tu d ie s  w ith  o ld e r  students have f a i le d  
to  r e p l ic a te  th e  expected sex d if fe r e n c e  (Fennema & Sherman, 1978; M eyer, 
1976; Schonberger, 1 9 7 6 ). Fennema and Sherman (1 9 7 8 ) suggested th a t  
"recen t concern w ith  the r o le  o f  women in  s o c ie ty  has changed fem ale s ' 
achievement p a tte rn "  (p . 1 9 7 ).  However, no s tu d ie s  were found which would 
s u b s ta n tia te  t h is  hyp o th es is , and i t  is  s t i l l  w e ll accepted th a t  males 
d is p la y  s u p e r io r i ty  on s p a tia l ta s k s .
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Numerous a tte m p ts  a t  e x p la n a tio n  o f  th is  sex d iffe re n c e  in  s p a t ia l  
a b i l i t y  have been i n i t i a t e d .  In  19 4 3 , O'Connor th e o r iz e d  th a t  s p a tia l  
a b i l i t y  occurred as a r e s u l t  o f  a s e x -l in k e d  rece s s iv e  gene on the  X-chrom o- 
some. Support fo r  O 'Connor's th eo ry  has been provided by th e  work o f  o th e rs  
(Bock & Kolakow ski, 1973; S ta f fo rd ,  1961; H a rt la g e , 1 9 7 0 ). Sherman (1 9 7 7 )  
argued th a t  th e  X- lin k e d  hypothesis has not been supported e m p ir ic a l ly ,  
and th a t  i t  has been re fu te d  by sev era l s c ie n t is ts (D e F r ie s  e t  a l . ,  1976; 
W ill ia m s , 1 9 7 5 ). T h e o ries  which support th e  notion  o f  hormonal in flu e n c e  
upon c o g n it iv e  fu n c t io n in g , as m entioned in  an e a r l ie r  s e c tio n , sometimes 
in c lu d e  s p a tia l perform ance as a c o g n it iv e  fu n c tio n  which is  in flu en ced  
d i f f e r e n t l y  by hormones, according to  sex (Broverman e t  a l . ,  19681. In  
her l i t e r a t u r e  re v ie w , Sherman (1977 ) a ls o  f a i le d  to  f in d  support fo r  such 
hormonal th e o r ie s .  She advocated in s te a d  a s o c io b io lo g ic a l exp lan a tio n  o f  
d i f f e r e n t i a l  s p a tia l perform ance, which in co rp o ra ted  re c e n t b ra in -o rg a n i-  
z a t io n  research w ith  her own "bent tw ig "  hypothesis (Sherman, 1 9 6 7 ). T h is  
hypothesis  suggests th a t  fem ales r e ly  on le ft -h e m is p h e re , ve rb a l approaches 
in  c o g n it iv e  tasks o f  a l l  ty p e s , and th a t  such re lia n c e  is  re in fo rc e d  by 
s e x -ro le  exp ecta tio n s  and s o c ie ta l m ores. I t  is  g e n e ra lly  held  th a t  
s p a t ia l  a c t i v i t y  is  a r ig h t-h e m is p h e re  fu n c t io n .  As a r e s u l t ,  the  d eve lop­
ment o f  s p a tia l fu n c tio n in g  is  in h ib ite d  in  fem ales , accord ing  to  the  
"bent tw ig "  th e o ry .
Kogan C.1976, chap. 6) im p lie d  t h a t  the sex d if fe re n c e  in  s p a tia l  
a b i l i t y  has rece ived  d is p ro p o rtio n a te  em phasis. However, th e  d iffe re n c e  
has not been s u c c e s s fu lly  r e fu te d ,  and th e re fo re  remains in te r e s t in g ,  
p a r t ic u la r ly  in  co n ju n c tio n  w ith  the  observed sex d iffe re n c e s  in  m athe-
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m atics achievem ent. Kogan sa id :
we must face up to  the  r e a l iz a t io n  th a t  v a r ia t io n  between males 
and females in  choice o f  such f ie ld s  as m athem atics, physical 
science and e n g in e e rin g .. . is  co n s id e ra b ly  g re a te r  than is  to be 
expected on the basis o f  s p a t ia l ly  based c a p a c itie s  and cogni­
t iv e  s ty le  a lo n e , (p . 114)
C e rta in ly  h is  view is  s e n s ib le , p a r t ic u la r ly  in  l ig h t  o f  th e  e m p ir ic a lly  
sound evidence o f  the strong in flu e n c e  exe rted  by a f fe c t iv e  v a r ia b le s .  
However, Kogan im p l ic i t ly  acknowledged th a t  d iffe re n c e s  in  s p a tia l a b i l i t y  
cannot be overlooked in  con sidering  th e  small number o f  fem ales in  mathe­
m atica l f ie l d s .
S p a tia l A b i l i t y  and Mathematics
The to p ic  which u n if ie s  the r e a l i t y  o f  sex d iffe re n c e s  in  mathe­
m atics p a r t ic ip a t io n  and achievem ent, and th e  sex d iffe re n c e s  in  s p a tia l  
a b i l i t y ,  is  the  re la t io n s h ip  between s p a tia l a b i l i t y  and mathematics 
achievem ent. Although much o f  the d i f f e r e n t ia l  mathematics p a r t ic ip a t io n  
and achievement may be accounted fo r  by s o c io c u ltu ra l v a r ia b le s ,  many 
researchers b e lie ve  th a t  c o g n itiv e  v a r ia b le s ,  p a r t ic u la r ly  s p a tia l a b i l i t y ,  
also  may e x p la in  some o f  th is  d iffe re n c e  (B u rto n , 1978; Fennema, 1977; 
Sherman, 1 9 7 7 ). Sm ith, in  h is  an a lys is  (1964) o f  s p a tia l a b i l i t y  s tu d ie s ,  
concluded th a t  s p a tia l a b i l i t y  is  re la te d  p o s it iv e ly  to  h ig h -le v e l mathe­
m atica l c o n c e p tu a liz a tio n . More s p e c if ic a l ly ,  Hyde, G erin g e r, and Yen 
(1975) found th a t  some s e x -re la te d  d iffe re n c e s  in  problem so lv ing  could 
be accounted fo r  by s e x -re la te d  d iffe re n c e s  in  s p a tia l v is u a liz a t io n  
a b i l i t y .  Guay and McDaniel (1977) found th a t  elem entary school c h ild re n  
who were h ig h er ach ievers in  mathematics e x h ib ite d  high s p a tia l a b i l i t y  
(d e fin e d  as the  a b i l i t y  to  perform three-d im en sion a l m a n ip u la tio n s ). In  
a d d it io n , th ey  found support fo r  the notion th a t  the re la t io n s h ip  between
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m athem atical and s p a tia l th in k in g  among e lem en tary  school c h ild re n  a lso  
e x is te d  f o r  lo w -le v e l s p a t ia l  a b i l i t y .  One outcome o f  b e l ie fs  and re s u lts  
o f  th is  s o r t  has been a p le a  f o r  the  in c lu s io n  o f  s p a tia l t r a in in g  a t  a l l  
ed u catio n a l l e v e ls ,  in  an e f f o r t  to  e q u a liz e  o p p o rtu n it ie s  in  m athem atical 
areas f o r  fem ales (Sherman, 1977; T o b ia s , 1978; Blum, Note 6 ) .  The tenuous 
l in k  in  t h is  reasoning has to  do w ith  th e  n a tu re  o f  the r e la t io n s h ip  between 
s p a tia l a b i l i t y  and m athem atics . This a rea  deserves more c a re fu l  c o n s id e r­
a t io n  and more e m p iric a l sup port before e x te n s iv e  in te rv e n t io n  is  j u s t i ­
f ia b le .  How im p ortan t is  s p a t ia l  a b i l i t y  in  mathem atics achievem ent?
S p a tia l a b i l i t y ,  in  i t s  several form s, has appeared as a mathe­
m atica l a b i l i t y  fa c to r  in  many fa c to r  ana lyses (B la c k w e ll,  1940; Fennema 
& Sherman, 1977; Sm ith , 1964; W e rd e lin , 1 9 6 6 ). B ennett e t  a l . (1 9 7 4 , pp. 
139 -144) re p o rte d  c o r re la t io n s  s ig n i f ic a n t  a t  th e  .01 le v e l between the  
Space R e la tio n s  S ubtest o f  th e  D i f f e r e n t ia l  A p titu d e  Tes t and th e  mathe­
m atics s e c tio n s  o f  sev era l s tan d a rd ized  achievem ent te s t s .  According to  
Fennema (1 9 7 7 ) ,
o th e r  au th o rs  fe e l th a t  data  in d ic a te  a p o s it iv e  r e la t io n s h ip  
[between m athem atics and s p a tia l  a b i l i t y ] .  In  1951, G u ilfo rd ,
Green and Christensen concluded that spatial visualization  
a b ility  helped in solving mathematics problems. French (1951,
1955) showed th a t  successfu l achievement in  mathematics depends 
to  some e x te n t  on use o f  s p a tia l  v is u a l iz a t io n  s k i l l s .  In  a 
re c e n t re v ie w , Aiken (1 9 7 3 ) concluded th a t  s p a tia l p erceptu a l 
a b i l i t y  was one o f  th e  'most s a l ie n t '  m athem atical fa c to rs  
e x tra c te d  in  vario u s  in v e s t ig a t io n s ,  (p .  9.2)
Meserve (.1973) co n jec tu red  th a t  geo m etrical modes o f  thought a re  used in
a l l  a reas o f  m athem atics , and th a t  even th e  most a b s tra c t g eo m e trica l
th in k in g  must r e ta in  some l i n k  w ith  s p a tia l i n t u i t io n .  Along th is  same
line of thinking, Kabanova-Meller (1970) reported that in the Russian
l i t e r a t u r e ,  mathem atics and s p a t ia l  a b i l i t i e s  a re  regarded as in s e p a ra b le .
K ru te ts k i i  (1 9 7 6 ) has advanced th a t  same p h ilo so p h y . Thus, th e re  is  much
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support fo r  th e  n o tio n  o f  a strong  r e la t io n s h ip  between s p a t ia l  fu n c t io n ­
ing  and m athem atical th ough t.
D esp ite  th e  lo g ic a l r e la t io n s h ip  which one m ig ht expect to  e x is t  
between mathematics and s p a tia l a b i l i t y ,  some re sea rch ers  have sum m arily 
re je c te d  such a con clus ion  on th e  bas is  o f  em p iric a l d a ta . Very (1967 ) 
s ta te d  th a t  "resea rc h  on s p a tia l a b i l i t y  has f a i le d  to  produce any s ig n i ­
f ic a n t  c o r re la t io n  o f  [ th e  s p a tia l  f a c t o r ]  w ith  any fa c e t  o f  m athem atics  
perform ance" (p .  1 7 2 ).  F ruch ter (1 9 5 4 ) observed th a t  " s p a tia l  a b i l i t y  is  
u n re la te d  to  academic performance w ith  the  p o s s ib le  exc ep tio n  o f  a few  
v e ry  s p e c ia liz e d  courses such as en g in e e rin g  draw ing" (p .  3 9 2 ).  Moses 
(N ote 9) found th a t  su b jects  w ith  high s p a tia l a b i l i t y  do not n e c e s s a r ily  
use v is u a l s o lu tio n  processes w h ile  s o lv in g  m athem atical problem s, and 
t h a t  m athem atical problem s o lv in g  was not n e c e s s a r ily  f a c i l i t a t e d  by th e  
use o f  s p a tia l s o lu t io n  processes. She suggested th a t  a s tro n g e r r e la t io n ­
sh ip  could be dem onstrated i f  i t  were p o s s ib le  to  e f f e c t i v e l y  e l i c i t  
d e ta i le d  s o lu t io n  s t ra te g ie s  from s tu d e n ts . O ther resea rch ers  have been 
le s s  committed in  e i th e r  d ire c t io n  on t h is  q u e s tio n . In  1961 W erdelin  
was u n w ill in g  to  draw a d e f in it e  c o n c lu s io n  supporting  th e  r e la t io n s h ip ,  
alth ough  he ad m itted  th e  e x is ten ce  o f  s trong  pedagogical e x p e c ta tio n  f o r  
b e lie v in g  in  a r e la t io n s h ip .
The con clus ion  which evo lves from the  preceeding d iscuss ion is  
th a t  th e  r e la t io n s h ip  between m athem atics le a rn in g  and s p a t ia l  a b i l i t y  is  
u n c le a r . Causal re la t io n s h ip s  may no t be claim ed on th e  bas is  o f  th e  
re s e a rc h . I t  may be le g it im a te  to  assume th a t  s p a t ia l  a b i l i t y ,  in  s p e c i­
f i c  form s, has b ea rin g  on performance in  s p e c if ic  areas  o f  mathematics 
s tu d y . Such an assumption d efin es  a research  problem , nam ely, th a t  o f
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is o la t in g  the  areas o f  mathem atics in  which some form o f  s p a t ia l  a b i l i t y  
is  an im p o rtan t v a r ia b le .  An approach which is  less  general than the  
c o r re la t io n a l  research re p o rte d  p re v io u s ly  m ight be a p p ro p r ia te . Seeking 
s p e c if ic  m athem atical problem types and c o n te n t a re a s , and in v e s t ig a tin g  
hypothesized s p a tia l components o f  those a re a s , may u l t im a te ly  help to  
c l a r i f y  th e  present u n c e r ta in ty . Given t h is  u n c e r ta in ty , i t  seems th a t  
the h as ty  development o f  s p a t ia l  t r a in in g  programs fo r  women may not 
re s u lt  in  any s u b s ta n tia l change in  mathematics p a r t ic ip a t io n .  As a 
p re lim in a ry  measure in  p lann ing  th e  p resent s tu d y , previous t ra in in g  
p ro je c ts  were reviewed as a s ta r t in g  p o in t fo r  e v a lu a tin g  th e  poss ib le  
b e n e fits  o f  fu r th e r  w ork. From a more th e o r e t ic a l  s ta n d p o in t, d e lv in g  
in to  the  types o f  t ra in in g  which have been e f fe c t iv e  in  im proving s p a tia l  
te s t  scores provides in s ig h t  in to  the mechanisms o f  the  s p a t ia l  processes 
and t h e i r  development, and is  i n t r i n s i c a l ly  in te re s t in g .
S p a tia l T ra in in g
I f  th e  i n f e r i o r i t y  o f  females to  males on s p a tia l measures has 
any bearing  upon d i f f e r e n t ia l  mathematics achievement and p a r t ic ip a t io n ,  
then p o s s ib ly  s p a tia l t r a in in g ,  and perhaps d i f f e r e n t  types o f  t ra in in g  
fo r  males and fem ales, m ight in flu e n c e  m athem atics perform ance, and then  
in d i r e c t ly  in flu e n c e  m athematics p a r t ic ip a t io n .  Results o f  t ra in in g  
e f fo r ts  a t  various age le v e ls  have been prom ising in  t h e i r  e f fe c tiv e n e s s ,  
but not co n c lu s ive . I t  is  agreed th a t  t r a d i t io n a l  school o f fe r in g s  do 
not s ig n i f ic a n t ly  enhance th e  development o f  s p a tia l s k i l l s  (Brown, 1955; 
M endicino, 1958; Ranucci, 1 9 5 2 ), so th a t  i f  such enhancement is  edu cation ­
a l l y  d e s ira b le ,  and i f  i t  is  to  occur in  sch o o ls , then s p e c ia l e f fo r ts  
must be in i t i a t e d .
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Many s p a tia l t r a in in g  s tu d ie s  have been conducted. VanVoorhis 
(1941) conducted a t ra in in g  p ro je c t  w ith  40 undergraduate men, v ia  a 12- 
hour geometry course which in c lu d ed  the  use o f  m a n ip u la tiv e s . The m a te r ia ls  
he designed were in tended to  enhance s p a tia l  v is u a l iz a t io n  a b i l i t y ,  and h is  
re s u lts  suggested th a t  t r a in in g  and exp erience in  doing s p a tia l tasks  im­
proved perform ance on s p a tia l m easures. In  1966 , Brinkmann used programmed 
in s t ru c tio n  o f  geometry co n ten t w ith  27 e ig h th -g ra d e  students as a means o f  
teach ing  th e  v is u a l iz a t io n  o f  s p a t ia l  r e la t io n s .  He found s ig n i f ic a n t  
s u p e r io r i ty  o f  th e  exp erim ental group on a p o s ttrea tm e n t measure o f  s p a tia l  
v is u a l iz a t io n .  However, th e  Brinkmann study n eg lected  to  address the  
e f fe c ts  o f  sex on s p a tia l v is u a l iz a t io n  a b i l i t y .  In  re fe re n c e  to  the  
Brinkmann s tu d y , Sherman (1 9 6 7 ) noted th a t  "a study such as t h is  using  
la rg e r  numbers o f  males and fem ales o f  an o ld e r  age would be o f  g re a t  
value" (p .  2 9 5 ) .  Johnson and Crano (1978) provided fo u r hours o f  t ra in in g  
in  s p a tia l scanning to  high school s e n io rs . The t ra in in g  was in  th e  form 
o f  programmed m a te r ia ls  designed to  g iv e  p ra c t ic e  on map and graph i n t e r ­
p r e ta t io n .  They found s ig n i f ic a n t  improvement in  read ing  comprehension 
as a r e s u l t  o f  s p a tia l t r a in in g .  Moses (N ote 9) developed t r a in in g  
m a te r ia ls  fo r  f i f th - g r a d e ,  e ig h th -g ra d e , and undergraduate s tu d e n ts . The 
con ten t o f  th e  t ra in in g  was " v is u a l th in k in g  ta s k s ,"  and she found improve­
ment in  s p a t ia l  scores a t  a l l  l e v e ls ,  fo llo w in g  tre a tm e n t. O ther t ra in in g  
work, most o f  which has been successfu l in  in c re a s in g  s p a tia l t e s t  scores, 
has been done (B lade & Watson, 1955; Faw, 1978; Hesemann, 1976; Johnson,
1976; McGee, 1978; Smith & S chroeder, 1979; W icker e t  a l . ,  1978; W o lfe ,
1 9 7 0 ).
The success o f  the s p a t ia l  t r a in in g  s tu d ie s  summarized here 
lends support to  the hypothesis th a t  exp erience is  im p ortan t in  th e
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development o f  s p a t ia l  a b i l i t y .  The research  in  t h is  area has not f u l l y  
exp lored  the  ro le s  played by re c re a t io n a l and e x t r a c u r r ic u la r  a c t i v i t i e s ,  
such as a t h le t ic s ,  model b u ild in g , and p la y , in  th e  growth o f  s p a tia l  
fu n c tio n s  (R ic h a rd s , Note 1 0 , has done some work in v e s t ig a t in g  the  
r e la t io n s h ip  between a t h le t ic  a b i l i t y  and s p a tia l r e la t io n s  a b i l i t y ,  but 
her analyses were not completed a t  th e  tim e o f  th is  w r i t in g ) .  Nor has th e  
f e a s i b i l i t y  o f  d i f f e r e n t i a l  t r a in in g  fo r  d i f f e r e n t  groups been in v e s t i ­
g a ted . For exam ple, d i f f e r e n t  t r a in in g  m a te r ia ls  m ight be developed and 
te s te d  fo r  use by males and fe m a le s , and th e  e f fe c ts  m ight be d i f f e r e n t  
according to  sex . Along th is  v e in ,  perhaps d i f f e r e n t  t ra in in g  techn iques  
m ight be used f o r  students w ith  d i f f e r e n t  le v e ls  o f  s p a tia l a b i l i t y .  
Sherman (1977) id e n t i f ie d  two unanswered questions as being: when should
s p a t ia l  t r a in in g  be in tro d u ced , and what s o r t  should i t  be? The im p lic a ­
t io n  here is  th a t  th e  research on s p a t ia l  t ra in in g  has not been extended  
in  many p o t e n t ia l ly  f r u i t f u l  d ir e c t io n s ,  and th a t  th e re  is  room fo r  new 
paradigms and approaches.
The study o f  s p a tia l a b i l i t y  has continued in  a v a r ie ty  o f  
d ire c t io n s  s ince  i t s  in c e p tio n  f o r t y  years ago w ith  th e  work o f  th e  fa c to r  
a n a ly s ts . E f fo r ts  to  d escrib e  th e  s p a t ia l  fa c to rs  co n tin u e  to d ay , a long  
w ith  r e la te d  research  which seeks to  id e n t i f y  the c o g n it iv e  processes 
which a re  in vo lved  in  the  perform ance o f  s p a tia l ta s k s . In te re s t  in  sex 
d iffe re n c e s  in  m athem atics has brought n o to r ie ty  to  th e  w e ll-e s ta b lis h e d  
s u p e r io r ity  o f  males on measures o f  s p a tia l  a b i l i t y .  S p e c if ic  concern 
w ith  the  d i f f e r e n t i a l  achievement and p a r t ic ip a t io n ,  by sex , in  mathe­
m a tic s , has prompted co n je c tu re  re g a rd in g  the  re la t io n s h ip  between s p a t ia l  
a b i l i t y  and mathem atics le a rn in g , as w e ll as reg ard in g  th e  e f fe c t  o f  
d i f f e r e n t i a l  s p a t ia l  a b i l i t y  on p a r t ic ip a t io n  and perform ance in
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m athem atics by males and fe m a le s . Some work has been done in  th e  area o f  
s p a tia l t r a in in g ,  y e t s ig n i f ic a n t  questions  have y e t  to  be in v e s t ig a te d .
The l i t e r a t u r e  on th e  study o f  sex d if fe re n c e s , and th e  study  
o f  s p a t ia l  a b i l i t y ,  co n ta in s  a la rg e  amount o f  in fo rm a tio n , w h ile  
s im u ltan eo u s ly  g e n e ra tin g  a v a r ie t y  o f  in te re s t in g  resea rch  q u e s tio n s .
The w e ll documented sex d if fe r e n c e  in  s p a t ia l  a b i l i t y ,  th e  re c e n t concern 
about th e  d is p ro p o rtio n a te  re p re s e n ta tio n  between men and women in  mathe­
m a tic a l a re a s , and th e  tenuous r e la t io n s h ip  between s p a t ia l  a b i l i t y  and 
m athem atics , c o l le c t iv e ly  have provided th e  m o tiv a tio n  fo r  th e  questions  
which have been addressed in  t h is  re s e a rc h .
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CHAPTER I I I
DESIGN AND METHODOLOGY
The research  on s e x -re la te d  d iffe re n c e s  in  mathem atics p a r t ic i ­
pa tio n  and ach ievem ent, and th e  work which has been done in  th e  area o f  
s p a tia l a b i l i t y ,  have provided in s ig h t  in to  a number o f  problem s, and a t  
th e  same tim e  have generated  many w orthy q u e s tio n s . The present study was 
designed to  e x p lo re  more d ee p ly  th e  ro le  p layed by s p a tia l a b i l i t y  in  
mathematics ach ievem ent, and s p e c i f ic a l ly  in  th e  s o lu tio n  o f  c e r ta in  
ca lcu lu s  problem s. In  a d d it io n ,  comparisons were made between males and 
fem ales on s p a t ia l  and m athem atical measures, and th e  e f fe c ts  o f  s p a tia l  
t r a in in g ,  by sex , were assessed.
" S p a tia l v is u a l iz a t io n "  has been d e fin e d  as " th e  process o f  
m e n ta lly  t r a n s la t in g  and r o t a t in g  tw o - and th re e -d im e n s io n a l images or 
p arts  o f  such im ages."
E xperim ental Design
A random sample o f  334 students was drawn from the  students p re ­
re g is te re d  fo r  f i r s t  sem ester c a lc u lu s  a t  UNH in  th e  f a l l  o f  1979 . 
O r ig in a l ly ,  33 students o f  each sex were p laced  in to  th re e  la r g e r  e x p e r i­
mental groups, and 17 s tuden ts o f  each sex were placed in to  each o f  fo u r 
sm a lle r groups. Of th e  i n i t i a l  random sam ple, 66 students dropped the  
cou rse, 15 chose an a c c e le ra te d  course o p t io n , and 3 were excused from 
p a r t ic ip a t in g  in  the  s tu d y . These 84 s u b jec ts  were e lim in a te d  from a l l
42
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an a lyse s , le a v in g  a to ta l  o f  250 students in  th is  s tu d y . The numbers 
o f  sub jects  a c tu a l ly  used in  th e  study are  g iv e n , by c e l l ,  in  T ab le  3.
Tab le 3
Numbers o f  Subjects  by C e ll in  Experim ental Design
Experim ental Group Male
Sex
Female Total
A 27 26 53
B 26 26 52
C 22 22 44
D 11 11 22
E 13 14 27
F 13 13 26
G 15 11 26
Total 127 123 250
P retreatm en t scores were gathered on measures o f  p reca lcu lu s  
background, c a lc u lu s  background, and s p a tia l v is u a l iz a t io n  a b i l i t y .
Three tre a tm e n t con d itions  were provided: an au d io v is u a l s p a tia l t r a in ­
ing program (A V ) , an a u d io -v is u a l-ta c tu a l s p a tia l t r a in in g  program (A V T ), 
and an u n trea ted  con tro l c o n d itio n  (C ) .  P o sttreatm en t scores were 
gathered on a b i l i t y  to  do ca lc u lu s  problems re q u ir in g  the computation  
o f  volumes o f  s o lid s  o f  r e v o lu t io n ,  s p a tia l v is u a l iz a t io n  a b i l i t y ,  and 
c a lc u lu s  achievem ent.
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A m o d ific a tio n  o f  the Solomon fou r-g ro u p  des ign (Campbell &
S ta n le y , 1969, p . 24) was employed. Groups D ,E , and F were in c lu d ed  to  
c o n tro l fo r  th e  e f fe c ts  o f p ra c t ic e  on th e  s p a tia l v is u a l iz a t io n  t e s t ,  
and a lso  to  c o n tro l fo r  the p o s s ib i l i t y  o f  a s p a tia l v is u a l iz a t io n  
p re te s t-b y -tre a tm e n t  in te ra c t io n .  Group G was formed as a means o f  
.c o n tro ll in g  fo r  a p o s s ib le  p ra c t ic e  e f fe c t  on the c a lc u lu s  background 
t e s t .  Groups D ,E ,F , and G were purpo sely  made s m a lle r  than groups A ,B , 
and C, due to  c o n s tra in ts  reg ard in g  th e  f e a s i b i l i t y  o f  te s t in g  and t r a i n ­
ing  la rg e  numbers o f  s tu d en ts . A summary o f th e  design is  given in  T a b le  4 .
T ab le  4 
E xperim ental Design
A B C D E F G
P reca lcu lus  Background T es t + + + + + + +
C a lcu lus Background Test + + + + + + -
S p a tia l V is u a l iz a t io n  P re te s t + + + - - - -
T ra in in g 3 AV AVT C AV AVT C C
C alcu lus Scores + + + + + + +
S p a tia l V is u a l iz a t io n  P o s tte s t + + + + + + -
Volume o f  Sol ids o f  R evo lu tion  
P o s tte s t + + + + + + +
N o te . "+" in d ic a te s  th a t  the tre a tm e n t was a d m in is te re d , in d ic a te s  
th a t  th e  treatm en t was not a d m in is te re d .
a,,AV" in d ic a te s  au d io v isu a l t r a in in g ,  "AVT" in d ic a te s  a u d io ­
v is u a l - ta c tu a l  t r a in in g ,  and "C" in d ic a te s  co n tro l c o n d it io n .
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S e tt in g
UNH is  a m edium -sized s ta te  u n iv e r s i ty  w ith  an undergraduate  
en ro llm en t o f  about 9200 s tu d en ts . Roughly tw o -th ird s  o f  the  students  
a re  New Hampshire r e s id e n ts .  The Department o f  M athem atics and Computer 
Science o f fe rs  a o n e -ye ar c a lc u lu s  sequence c o n s is tin g  o f  two courses, 
M athem atics 425 and 426 . N orm ally freshmen b e g in .w ith  Math 425 in  the  
f a l l  sem ester, and co n tin u e  w ith  Math 426 in  the  s p r in g . The con ten ts  o f  
Math 425 in c lu d e : l im i t s  and d e r iv a t iv e s ,  curve s k e tc h in g , maximum-
minimum problem s, r e la te d  r a te  problem s, th e  d e f in i t e  in te g ra l  and i t s  
a p p lic a t io n s ,  a re a , volum e, a rc le n g th , exp onentia l and lo g a r ith m ic  
fu n c tio n s  and t h e i r  d e r iv a t iv e s ,  t r ig o n o m e tr ic  fu n c tio n s  and t h e i r  
d e r iv a t iv e s ,  and a p p lic a t io n s  o f  e x p o n e n tia l,  lo g a r ith m ic ,  and t r ig o n o ­
m e tric  fu n c t io n s . Each course is  d iv id e d  in to  fo u r c o n ten t u n its .
In  the  f a l l  o f  1979 , ap p ro x im ate ly  1100 studen ts  were p re re g is ­
te re d  f o r  Math 425 , and 937 students completed the co u rs e . F ive la rg e  
le c tu r e  s e c tio n s , each co n ta in in g  between 125 and 300 s tu d e n ts , were 
p ro v id e d . A s ix th  s e c tio n  was o ffe re d  as an a c c e le ra te d  o p t io n , a v a ila b le  
fo r  s tuden ts  w ishing to  com plete Math 425 and Math 426 in  a s in g le  sem ester. 
In  th e  f a l l  o f  1979, ap p ro x im ate ly  70 studen ts  chose th e  a c c e le ra te d  o p t io n .
Of th e  250 s u b je c ts  used in  th e  a n a ly s e s , age data was a v a ila b le  
fo r  225 o f  them. In  September o f  1979 , 45 su b jects  were 17 years o ld ,  151 
su b jec ts  were 18 years o ld ,  14 s u b jec ts  were 19 years o ld ,  6 sub jects  
were 20 years  o ld ,  5 su b je c ts  were 21 yea rs  o ld ,  3 su b je c ts  were 22 yea rs  
o ld ,  and 1 su b je c t was 25 years  o ld .  Grade le v e l  was a v a ila b le  fo r  217 
s u b je c ts . Among th e s e , th e re  were 197 freshm en, 13 sophomores, 3 ju n io r s ,  
and 4 s e n io rs .
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T es tin g  in  th e  ca lcu lu s  program a t  UNH is  ad m in is te red  through  
a T e s tin g  C e n te r. Students a re  assigned to  w eek ly , tw o-hour la b o ra to ry  
sec tio n s  fo r  te s t in g  purposes. They a re  a llow ed up to  th re e  attem p ts  a t  
each u n it  t e s t ,  w ith  the f in a l  a tte m p t standing as th e  grade fo r  th e  u n i t .  
Each te s t  is  composed o f  randomly v a r ie d  com binations o f  te s t  questions  
which have been developed by members o f  the m athem atics fa c u l ty .
At the beginning o f  the co u rse , a l l  o f  th e  s tuden ts in  Math 425 
ta k e  a p reca lcu lu s  background t e s t  covering  a lg eb ra  and tr ig o n o m e try . On 
the  basis o f  th e  r e s u lt s ,  rem edial work in  a lgebra  and trig o n o m etry  is  
e i th e r  re q u ire d , suggested, o r deemed unnecessary fo r  each ca lc u lu s  s tu d e n t. 
In  th e  case th a t  rem ed ia tio n  is  re q u ire d , a t  most s ix  programmed modules 
in  a lg e b ra  an d /o r trig o n o m etry  must be completed d u rin g  th e  f i r s t  e ig h t  
weeks o f  th e  sem ester. The rem edial modules a re  presented in  an au d io ­
v is u a l mode in  th e  Mathem atics C enter (M aC ). S tudents re q u ire d  to  do 
rem ed ia tio n  arrange s ix  v is i t s  to  MaC, a t  t h e i r  own convenience, over  
th e  e igh t-w eek p e r io d , and work t h e i r  way through th e  one module per 
v i s i t .  Each module is  accompanied by a homework ass ignm ent, which must 
be completed and re tu rn e d  to  MaC b e fo re  the module is  considered com pleted. 
Students in  the  " re q u ire d  rem edia tion" catego ry a re  n o t allow ed to  ta k e  
the  U n it  3 te s t  u n t i l  the  MaC o b lig a t io n  has been f u l f i l l e d .
Procedure
The sample o f  334 students was se lec ted  in  August o f  1979. A l l  
s u b jec ts  were n o t i f ie d  by e a r ly  September o f  t h e i r  involvem ent in  th e  
p r o je c t .  They were t o ld  th a t  "th ey  had been chosen randomly to  a s s is t  the  
Department o f  Mathematics and Computer Science w ith  th e  e v a lu a tio n  o f  new 
m a te r ia ls  fo r  the c a lc u lu s  program ." Such e v a lu a tio n  and exp erim en tatio n
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has been a standard fe a tu re  o f  th e  UNH c a lc u lu s  program, in t e r m i t t e n t ly ,  
beg inn ing in  1976, as p a r t  o f  the fo rm a tiv e  e v a lu a tio n  in  a p ro je c t  
supported by th e  N a tio n a l Science Foundation (Balomenos, Note 1 1 ) .  A l l  
stu d en ts  took the p re c a lc u lu s  background t e s t  by e a r ly  Septem ber, and 
members o f  the tre a tm e n t groups (groups A ,B ,D , and E) were n o t i f ie d  th a t  
th e y  would be re q u ire d  to  make s ix  v i s i t s  to  MaC to  " a s s is t  in  the  
e v a lu a tio n  o f  th e  new m a te r ia ls ."  They a ls o  were inform ed t h a t  they  
would n o t be a llow ed to  ta k e  th e  U n it 3 t e s t  u n t i l  th ey  had f u l f i l l e d  
th e  MaC req u irem en t. The c a lc u lu s  background te s t  and th e  s p a tia l  
v is u a l iz a t io n  p re te s t  were a d m in is te red  to  th e  a p p ro p ria te  groups o f  
s tuden ts during  scheduled p re te s t  p eriods  in  e a r ly  September.
Over an e ig h t-w e e k  p e rio d , s tuden ts  in  groups A , B, D, and E 
com pleted th e  s ix  s p a t ia l  t r a in in g  modules a t  t h e i r  own convenience, in  
MaC. Those students whose scores on th e  p re c a lc u lu s  background measure 
in d ic a te d  a need fo r  a lg e b ra  and tr ig o n o m e try  rem ed ia tio n  were given  
condensed, take-home v e rs io n s  o f  the  r e g u la r  MaC m a te r ia ls ,  and were asked 
to  re tu rn  the  homework problems to  MaC f o r  g ra d in g . No p e n a lty  was imposed 
fo r  f a i l u r e  to  re tu rn  th e  homework, in  v iew  o f  th e  e x tra  tim e  being 
re q u ire d  o f  those s tuden ts  to  p a r t ic ip a t e  1n th e  s p a tia l t r a in in g .
P o s tte s tin g  on c a lc u lu s  achievem ent was accomplished as a normal 
p a rt  o f  th e  ca lc u lu s  te s t in g  process, in  th e  T es tin g  C e n te r. Students in  
groups A , B, C, D, E , and F were asked to  come to  th e  T e s tin g  Center  
during  des igna ted  tim e  p erio d s  in  the  la s t  week o f  November to  take  the  
s p a t ia l  v is u a l iz a t io n  p o s t te s t ,  and were no t p erm itted  to  ta k e  th e  U n it  4 
c a lc u lu s  t e s t  u n t i l  t h is  p o s tte s tin g  was com pleted.
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In s tru m e n ta tio n
P recalcu lus Background
The p reca lcu lu s  te s t  which has been used a t  UNH s ince  1978 is  
a 41-ite m  t e s t  developed by th e  M athem atical A s s o c ia tio n  o f  A m erica .1 
The a lg eb ra  s e c tio n  o f  th e  t e s t  c o n s is ts  o f  25 questions and the t r i g o ­
nometry s e c tio n  con sis ts  o f  16 q u e s tio n s . Time a llo w ed  fo r  th e  t e s t  is  
55 m in utes , and answer sheets a re  graded by com puter. The te s t  has been 
normed and p i lo te d  by the MAA. D e s c r ip tiv e  s t a t is t ic s  concerning th e  
p reca lcu lu s  background te s t  re s u lts  a t  UNH, by c o lle g e , fo r  the 1979-80  
academic y e a r , a re  provided in  T ab le  5 . A r e l i a b i l i t y  c o e f f ic ie n t  o f  
.79  was e s tim a te d , using th e  Kuder-R ichardson techn ique (Popham, 1975 , 
p . 119) fo r  th e  combined a lg eb ra  and trig o n o m etry  t e s t  used a t  UNH in  
the f a l l  o f  1 9 7 9 .2
S e v e r a l  te s ts  have been produced by th e  MAA; th e  com bination  
used a t  UNH c o n s is ts  o f  Mathematics T es t AA/1 and Mathematics Test  
T /2 .
R e l i a b i l i t y  o f  th e  a lg eb ra  subsection (UNH, f a l l  1979) was 
estim ated  to  be .7 4 ; r e l i a b i l i t y  o f  th e  trig o n o m etry  subsection (UNH, 
f a l l  1979) was estim ated  to  be .5 9 .



















College H M SD Range M SD Range M SD Range
Engineering and Physical Sciences 450 22.751 6.937 5-39 16.213 4.546 3-24 6.611 3.155 0-16
Liberal Arts 272 20.320 5.854 6-37 15.221 4.111 5-24 5.335 2.610 0-14
L ife  Sciences and A griculture 165 19.691 6.022 4-33 14.794 4.423 4-24 5.146 2.309 0-11
Health Studies 19 24.526 6.653 6-33 17.474 4.982 5-23 7.053 3.100 1-11
Whittemore School o f Business 
and Economics
105 19.371 6.424 5-33 14.610 4.582 5-25 5.051 2.434 0-11
Thompson School 2 24.500 6.364 20-29 20.000 4.243 17-23 4.500 2.121 3-6
Division o f Continuing Education 16 20.563 7.814 2-32 15.750 5.532 2-23 5.500 2.378 0-11
School o f Continuing Studies 1 8.000 8
Unknown 24 22.000 7.283 11-35 15.792 4.374 8-23 6.208 3.336 1-14
Entire  class 1054 21.279 6.649 2-39 15.581 4.487 2-25 5.888 2.906 0-16
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S p a tia l V is u a l iz a t io n
S everal s p a t ia l  v is u a l iz a t io n  instru m ents  were considered  (E is e n -
berg & M cG inty, 1977; Ekstrom e t  a l . ,  1976; Guay, 1977; Vandenberg & Kuse,
1978) f o r  use in  th is  s tu d y . The Space R e la tio n s  S u b te s t, Form T , o f  the
D i f f e r e n t ia l  A p titu d e  T e s t (B enn ett e t  a ! . ,  1972) was s e le c te d  because o f
convenience o f  a d m in is tra t io n  and congruence w ith  the  a u th o r 's  d e f in it io n
o f  s p a t ia l  v is u a l iz a t io n .  The Space R e la tio n s  Subtest o f  th e  D i f fe r e n t ia l
A p titu d e  T e s t (SR-DAT) c o n s is ts  o f  60 item s devised to  re p re s e n t
a com bination o f  two previous approaches to  measurement o f  
t h is  [ s p a t ia l ]  a b i l i t y .  The a b i l i t y  to  v is u a l iz e  a c o n s tru c ­
ted  o b je c t  from a p ic tu re  o f  a p a tte rn  has been used fre q u e n t ly  
in  te s ts  o f  s t ru c tu ra l  v is u a l iz a t io n .  S im i la r ly ,  th e  a b i l i t y  
to  im agine how an o b je c t  would appear i f  ro ta te d  in  v a rio u s  
ways has been used e f f e c t i v e l y  in  th e  measurement o f  space 
p e rc e p tio n . The item  ty p e  used combines th e  fu n c tio n s  o f  these  
prev io u s  item  ty p e s , s in c e  both fa c to rs  a re  considered im por­
t a n t  in  any u se fu l d e f in i t io n  o f  a b i l i t y  to  th in k  in  s p a t ia l  
te rm s . (B enn ett e t  a ! . ,  1974, p . 9)
Thus, th e  philosophy expressed in  th e  d e s c r ip t io n  o f  these item s is  in
keeping w ith  th e  d e f in i t io n  o f  s p a tia l v is u a l iz a t io n  which has been used
in  t h is  re s e a rc h .
The SR-DAT has been described by i t s  authors as being  a p p ro p ria te  
fo r  use a t  any l e v e l ,  from grades e ig h t through  tw e lve  (B e n n e tt e t  a ! . ,  
19.74). They re p o rt  a r e l i a b i l i t y  o f  .95 fo r  grade 12 boys and o f  .94 fo r  
grade 12 g i r ls  (B enn ett e t  a l . ,  1974, p . 1 2 7 ) .  Tests o f  s p a t ia l  v is u a l i ­
z a t io n  o fte n  have com plicated  in s t ru c t io n s ,  and care  must be e xe rc ised  in  
a d m in is te r in g  such te s ts  to  c h ild re n  younger than th e  suggested low er  
grade le v e l  (Moses, Note 9 ) .  However, th e re  is  no problem in  using th e  
SR-DAT w ith  su b jects  beyond the tw e lf th -g ra d e  le v e l (Herman & Huesing,
1972) in  terms o f  d i f f i c u l t y  o f  the in s t ru c t io n s .  As 92% o f  th e  sub jects
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in  th is  resea rch  were c o lle g e  freshm en, ta k in g  th e  SR-DAT w ith in  s ix  months 
o f  t h e i r  h igh school g ra d u a tio n , i t s  use was con sidered  a p p ro p r ia te .
The SR-DAT was used as a measure o f  both p re -  and p o s ttre a tm e n t  
s p a tia l  v is u a l iz a t io n  a b i l i t y .  In  both t e s t  p e r io d s , su b jec ts  were g iven  
30 m inutes to  read th e  in s tru c t io n s  and to  reco rd  t h e i r  responses. The 
answer sheets were checked fo r  s t r a y  marks and then were graded by 
com puter.
Ca lcu lus Background
Many high schools now o f f e r  c a lc u lu s  as a standard  p a r t  o f  th e  
mathem atics c u rr ic u lu m , and i t  was o f  in te r e s t  in  t h is  research  to  o b ta in  
a c a lc u lu s  background score f o r  each s tu d e n t. A 1 2 -ite m  ca lc u lu s  t e s t  
(Appendix A) was designed by th e  a u th o r;  questions were based upon th e  
con ten t o f  Math 4 2 5 , d i f f e r e n t i a l  c a lc u lu s .  A ls o , in fo rm a tio n  about 
le v e l and d u ra tio n  o f  previous c a lc u lu s  s tu d y , as w e ll as date  o f  th a t  
s tu d y , was g ath ered  v ia  two q u e stio n s  on th e  c a lc u lu s  background t e s t .
T e s t scores were assigned on th e  bas is  o f  36 p o s s ib le  p o in ts , where 33 o f  
th e  p o in ts  rep rese n te d  a measure o f  r e te n t io n  o f  p re v io u s ly  le a rn e d  
c a lc u lu s  c o n te n t, and 3 p o in ts  summarized previous c a lc u lu s  study i n f o r ­
m a tio n . The r e l i a b i l i t y  o f  th e  c a lc u lu s  background measure was computed 
to  be .9 0 , using th e  K uder-R ichardson form ula (Popham, 1 9 7 5 ).
No t im e  l i m i t  was imposed upon the c a lc u lu s  background t e s t .  
Students took th e  t e s t  as p a rt o f  th e  p re te s t in g  w hich occurred a t  th e  
beginning o f  Septem ber. Answers were g iven in  fre e -re s p o n s e  form , and 
were graded by th e  au th o r acc o rd in g  to  a p redeterm ined e r ro r  coding 
scheme.
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Volume o f  S o lid s  o f  R evolution
The com putation o f  the volume o f  s o lid s  o f  re v o lu t io n  is  t re a te d  
in  U n it  3 o f  Math 4 2 5 . The U n it 3 t e s t  con tains one question  on th e  
com putation o f  volume. A ty p ic a l v e rs io n  o f  the  q uestion  is  as fo llo w s :  
"Sketch th e  reg ion  R bounded by x -  4y = y 2 + 5 and 2x + y 2 + lOy + 5 = 0 , 
and f in d  an in te g ra l  expression fo r  th e  volume swept out by ro ta tin g  R 
about th e  x -a x is .  Do not in te g r a te ."  I t  was decided th a t  a response to  
such a question  m ight not g ive a com plete in d ic a tio n  o f  s tuden t under­
stand ing  o f  th e  process invo lved  in  the  s o lu t io n . Volume problems re q u ire  
a s e r ie s  o f  s te p s , which in  the a u th o r 's  judgem ent, a re  as fo llo w s :
1 .  sketch th e  reg ion  which is  to  be re v o lv e d ;
2 . m e n ta lly  fo rm u la te  an image o f  the s o l id  o f  re v o lu tio n  formed 
by re v o lv in g  the reg ion about the in d ic a te d  a x is ;
3 . decide w hether to  use c y l in d r ic a l  s h e lls  or c ir c u la r  d isks as 
elem ents o f  volume;
4 . decide on th e  c o rre c t d ire c t io n  o f  o r ie n ta t io n  fo r  the s h e ll  
o r d is k ;
5 . express th e  volume o f  a re p re s e n ta tiv e  s h e ll  o r  d isk  in  
terms o f  th e  given fu n c tio n s  and the  d i f f e r e n t i a l ;
5 . s e t up a d e f in i t e  in te g ra l f o r  c a lc u la t in g  th e  volume o f  th e  
s o lid ;  and
7 . perform  th e  in te g ra tio n  and compute th e  volume.
I t  is  co n ce ivab le  th a t  a student could o b ta in  f u l l  c r e d i t  fo r  a response 
to  a volume question  o f  th e  form mentioned e a r l ie r  w ith o u t perform ing  
steps 2 through 5 . M em orization o f  form ulas is  an e f f e c t iv e  means o f
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so lv in g  volume problem s, p a r t ic u la r ly  when the  regions to  be revo lved  are  
uncom plicated. However, th e  in te n tio n  o f  t h is  study was to  in v e s t ig a te  
the e x te n t to  which su b je c ts  a re  ab le  t o , and do, perform  steps 2 through
5 . These steps are considered  e s s e n tia l to  th e  thorough understanding o f  
the volume problems, p a r t ic u la r ly  the more complex problems o f  th is  type  
which a re  encountered in  a p p lic a t io n s .
The natu re  o f th e  volume question  on th e  U n it 3 t e s t  does not 
c o n tr ib u te  enough in fo rm a tio n  fo r  adequate assessment o f  s tu d en t a b i l i t y  
to  perform  steps 2 through 5 .  Experim enter-designed questions were 
devised to  in v e s t ig a te  th a t  a b i l i t y  more c o m p le te ly . Responses to  the  
volume question  on U n it  3 te s ts  from previous years were examined to  
determ ine common e r ro rs .  The e rro rs  which occurred most f re q u e n t ly  
in c lu d ed :
1 .  re v o lu tio n  o f  th e  reg ion  about th e  in c o rre c t a x is  (see  
Figure 1 ) ;
2 . in c o rre c t r e f le c t io n  o f  the  reg io n  through the  a x is  o f  
re v o lu tio n  (see  F igure  2 ) ;  and
3. in a p p ro p ria te  cho ice o f s h e lls  o r d isks (see F ig u re  3 ) .
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Problem: revo lve  t h is  reg io n  about th e  y - a x is .
In c o rre c t  s o lu t io n :  
reg ion  is  revo lved  about 
x -a x is .
< &
Figure 1 . E rro r  type 1 , r e v o lu t io n  about in c o r re c t  a x is .
In c o rre c t s o lu t io n :  reg ion  is
revo lved  about some a x is  p a r a l le l  
to  the  y - a x is .
Problem: revo lve  t h is  reg io n  about th e  x -a x is .
In c o rre c t  s o lu t io n :  
to  r e f le c t  re g io n .
f a i lu r e In c o rre c t s o lu t io n :  in c o rre c t
r e f le c t io n .
F igure 2 . E rro r type 2 , in c o rre c t  r e f le c t io n  through a x is  o f  r e v o lu t io n .
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Problem: Revolve th is  reg io n  about the  x -a x is  and
in d ic a te  a re p re s e n ta tiv e  d is k  o r s h e l l .
In c o rre c t  s o lu t io n :  s tuden t in d ic a te s  use o f
d is k , when s h e lls  a re  more a p p ro p r ia te .
F ig u re  3 . E rro r type  3 , in a p p ro p ria te  choice o f  s h e lls  o r d isks .
As a r e s u lt  o f  th is  exam ination o f  previous t e s t  responses, a 
fo u r -ite m  instrum ent (Appendix B) was designed to  e l i c i t  more d e ta ile d  
in fo rm a tio n  about studen t processing o f  volume problems than was to  be 
gained from th e  ty p ic a l t e s t  ite m . The instru m ent in c lu d ed  th re e  m u lt ip le  
choice questions o f  th e  fo llo w in g  form: a p lan ar reg io n  and in s tru c tio n s
fo r  re v o lv in g  th a t  reg io n  about e i th e r  th e  x o r y  a x is  were g iv e n , fo llo w ed  
by fo u r d is t ra c to rs  which were o ffe re d  as sketches o f  th e  r e s u lt in g  s o l id .  
The fo u r th  question  re q u ire d  a sketch o f  a s o l id  o f  r e v o lu t io n .  Three 
versions o f  th is  instrum ent were c o n s tru c te d , one fo r  each o f  th e  th re e  
U n it 3 te s t in g  weeks. The questions were arranged on a s in g le  page, and
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the page was appended to  a l l  U n it  3 exams in  th e  T es tin g  C e n te r. As an 
attem p t to. avo id  re a c tio n  to  in s tru m e n ta tio n , a l l  students in  Math 425 
found a copy o f  th is  e x tra  page on t h e i r  t e s t .  The measure was scored on 
a s c a le  o f  0 to  9 p o in ts , and w i l l  be r e fe r re d  to  h e re a fte r  as th e  "s o lid  
o f  re v o lu t io n "  measure.
In  a fu r th e r  e f f o r t  to  a s c e r ta in  s tu d e n t tendency to  perform  
steps 2 through  5 in  s o lv in g  volume problem s, s o lu tio n s  to  th e  re g u la r  
U n it 3 volume question  were examined. "Tendency to  sketch" g rad e s , on a 
sca le  o f  0 to  5 , were ass igned to  a l l  s o lu tio n s  on the basis o f  th e  d e ta il  
in  which s tuden ts  v o lu n t a r i ly  sketched th e  s o l id  o f  re v o lu t io n  described  
in  the  problem . The a u th o r 's  assumption was th a t  the v o lu n ta ry  in c lu s io n  
o f  sketches would g ive  some in d ic a t io n  o f  th e  e x te n t to  which students  
were perfo rm ing  steps 2 th rough 5 in  th e  s o lu t io n  process.
A t o ta l  "volume o f  s o lid s  o f  re v o lu t io n  score" was d e riv e d  fo r
each s tu d e n t. This score was a sum o f  two sco re s : the  f i r s t  score was
obta ined  by averag ing a l l  a tte m p ts  on th e  " s o lid  o f  re v o lu t io n "  measure, - 
and th e  second score was an average o f  th e  "tendency to  sketch" grades
on a l l  t r i e s  o f  the volume q u estio n  o f  th e  U n it  3 exam.
Development o f  T ra in in g  M a te r ia ls  
P re lim in a ry  P rep ara tio n
A th re e -s ta g e  p re p a ra tio n  preceded th e  c o n s tru c tio n  o f  th e  
s p a tia l t r a in in g  m a te r ia ls .  As a s ta r t in g  p o in t ,  previous s p a t ia l  t r a in ­
ing programs were examined. S econdly, s ev era l d i f f e r e n t  te s ts  o f  s p a tia l  
a b i l i t y  were s tu d ie d . F i n a l ly ,  th e  small number o f  s tu d ies  found which
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in co rp o ra ted  in tro s p e c t iv e  re p o r t in g  o f  s p a tia l ta s k  s o lu t io n  were 
co n s u lte d . F o llow ing  these a c t i v i t i e s ,  an o u t l in e  fo r  th e  s p a tia l  
t r a in in g  program was g en erated .
The f i r s t  s tage  in  the  development o f  the t r a in in g  program was 
a rev iew  o f  p revious approaches to  s p a t ia l  t r a in in g .  VanVoorhis' s tudy  
(1 9 4 1 ) is  re fe ren ced  fre q u e n t ly  as an im p ortan t e a r ly  example o f  
successfu l s p a tia l t r a in in g .  His t r a in in g  program was 12 hours lo n g , 
and was designed f o r  a group o f m ale c o lle g e  s tu d e n ts . The students  
p a r t ic ip a te d  in  th e  t ra in in g  as a p a r t  o f  a freshman geometry course in  
an en g in eerin g  program. The t r a in in g  m a te r ia ls  a tte m p ted  to  convey 
geometry conten t in  a way th a t  m ig ht s im u ltan eo u s ly  enhance s p a tia l  
a b i l i t y .  The program inc lu ded  a g re a t  deal o f  d r i l l  and p r a c t ic e ,  and 
l i t t l e  a t te n tio n  was g iven to  th e  in tro d u c t io n  o f a l te r n a te  s tra te g ie s  
f o r  perform ing s p a t ia l  ta s k s . The lessons used by VanVoorhis were:
Lesson 1 : L in e a r D istances (d is c r im in a tio n  o f  len g th s  o f segments) 
Lesson 2 :  Angles (d is c r im in a tio n  o f  ang le  m easure)
Lesson 3 : Areas (e s tim a tio n  and comparison o f  a re a )
Lessons 4 and 5 : R e la t io n s h ip  o f  P arts
Lesson 6: R o ta tio n  o f  P lane F igures
Lesson 7 :  R o ta tio n  o f  P lane F igures in  Two D ire c tio n s
Lesson 8 : Two-Dimensional V is u a l iz a t io n
Lesson 9 : S tereoscop ic  V is u a l iz a t io n
Lessons 10 and 11: Three-D im ensiona l V is u a l iz a t io n
Lesson 12: Three-D im ensiona l Views (s p a t ia l  o r ie n ta t io n )
The main emphases in  VanVoorhis' t r a in in g  were upon e s tim a tio n  and d i s c r i ­
m in a tio n , processes id e n t i f ie d  e a r l ie r  by Anastasi (1 9 3 6 ) as im p o rtan t
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
58
in  th e  performance o f s p a t ia l  ta s k s . The r e s u lts  o f  t h is  t ra in in g  
suggest th a t  exp erience does a f fe c t  s p a t ia l  perform ance.
The nex t im p o rtan t t r a in in g  s tudy lo c a te d  was conducted by 
Brinkmann (1 9 6 6 ) . He used a small sample o f  e ig h th  g ra d e rs , and devised  
a 15-hou r programmed in s tru c t io n a l  package designed to  teach  s p a tia l  
v is u a l iz a t io n .  His m a te r ia ls  were based upon behaviors id e n t i f ie d  v ia  
in tro s p e c t iv e  re p o r ts . Among the more c le a r ly  d e fin ed  behaviors were 
the  "use o f  e s tim a tio n  and se n s ib le  app ro xim atio n  in  th e  fo llo w in g :
(a )  D i f fe r e n t ia t io n  o r d is c r im in a t io n ,  (b )  id e n t i f i c a t io n  (re c o g n it io n  
and la b e l in g ) ,  (c )  o rg a n iz a tio n  or r e la t io n s h ip ,  and (d )  o r ie n ta t io n "
(p . 1 8 0 ) .  The con ten t chosen by Brinkmann through which to  develop  
these behaviors was e lem entary  geom etry. His goal was to  s ig n i f ic a n t ly  
enhance performance on te s ts  o f  s p a tia l v is u a l iz a t io n ,  and he was success­
f u l .  H is bas ic  ph ilosophy was to  begin w ith  uncom plicated tasks and 
g ra d u a lly  in crease  th e  d i f f i c u l t y .  Brinkm ann's small sample s ize  
(n ** 2 7 ) ,  and h is  use o f  e ig h th  grade s u b jec ts  suggest th e  n e c e s s ity  and 
th e  f e a s i b i l i t y  o f  la r g e r  s tu d ie s , using s tuden ts from o th e r age groups.
A p ro je c t  was undertaken fay Johnson and Crano (1 9 7 8 ) w ith  the  
in te n tio n  o f  improving th e  read ing  perform ance o f  ad o lesc en t sub jects  
by means o f  t r a in in g  in  s p a tia l  s k i l l s .  They developed a s e r ie s  o f  s e l f -  
in s t ru c t io n a l  e x e rc ises  in  map read ing  and graph in te r p r e ta t io n  s k i l l s .  
R esu lts  in d ic a te d  th a t  the  su b jects  who p a r t ic ip a te d  in  th e  t ra in in g  
achieved scores s ig n i f ic a n t ly  h igher than d id  t h e i r  u n tra in e d  peers on 
measures o f  read ing  speed, accuracy, and comprehension. The importance  
o f  th is  work l ie s  in  the fa c t  th a t  the t r a in in g  con ten t was o s te n s ib ly  
u n re la te d  to  the  c r i te r io n  v a r ia b le ,  whereas previous t r a in in g  s tu d ies
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had produced m oderate improvement o f  s p a t ia l  a b i l i t y  as a r e s u l t  o f  c a re ­
f u l l y  planned in s t ru c t io n  in  a co n ten t a rea  o f  m athem atics .
The present re s e a rc h  in v e s t ig a te d ,  in  p a r t ,  th e  converse o f  th e  
phenomenon s tu d ied  by Johnson and Crano. T h a t i s ,  i t  was o f  in te r e s t  to  
c o n s id e r th e  p o s s ib i l i t y  o f  improvement on a m athem atics c o n ten t measure 
as a r e s u l t  o f  s p a t ia l  t r a in in g .  The c o n te n t o f  th e  s p a t ia l  t r a in in g  in  
th e  p re s e n t study was n ot u n if ie d  by any s p e c if ic  area o f  m athem atics , but 
was des igned around an o u t l in e  o f  s p a t ia l  ta s k s . The Johnson-Crano r e s u lts  
help p ro v id e  a th e o r e t ic a l  basis f o r  th e  e x p e c ta tio n  t h a t  s p a t ia l  t r a in in g  
may have some e f f e c t  upon achievem ent in  an o th er c o n te n t a r e a .
The second s tag e  o f  th e  p re p a ra tio n  con sis ted  o f  a survey o f  th e  
vario u s  types o f  te s t  item s used to  measure s p a tia l a b i l i t y .  This was 
done w ith  th e  in te n t io n  o f  fo rm u la tin g  a c la s s i f ic a t io n  scheme fo r  types  
o f s p a t ia l  ta s k s , and o f  in c o rp o ra tin g  some o f  th e  tasks  in to  the t r a i n ­
ing m a t e r ia ls .
Thurstone (1 9 3 8 ) was re s p o n s ib le  f o r  o r ig in a t in g  s e v e ra l  
s p a tia l  t e s t s ,  a l l  o f  which a re  i l l u s t r a t e d  in  h is w r i t in g .  Some o f  
the  commercial te s ts  used to d ay  c o n ta in  item s s im ila r  to  th o se  devised  
by T h u rs to n e . The K it  o f  F ac to r-R e fe ren c ed  C o g n itiv e  Tes ts  (French e t  a l 
1963) in c lu d e s  sev era l ta s k s  based upon T h u rs to n e 's  ite m s . These are  
grouped under two fa c to r s ,  s p a t ia l  o r ie n t a t io n  and v is u a l iz a t io n .  Tes ts  
o f  s p a t ia l  o r ie n ta t io n  a re  Card R o ta tio n s  and Cube Comparisons. Tests  
o f  v is u a l iz a t io n  a re  Form Board, Paper F o ld in g , and S u rfa c e  Development. 
B r ie f  d e s c r ip t io n s  o f  a v a r ie t y  o f  p op u la r s p a t ia l  tasks a re  provided  
below.
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Card R o ta tio n s  (F ig u re  4 ) :
Each item  g ives  a d raw in g  o f  a card  c u t in to  an i r r e g u la r  shape. 
To i t s  r ig h t  a re  s ix  o th e r  draw ings o f  th e  same c a rd ,  sometimes 
m e re ly  ro ta te d  and sometimes tu rn e d  o ve r to  i t s  o th e r  s id e .  The 
s u b je c t  in d ic a te s  w h eth er o r  n o t th e  card  has been tu rn e d  o v e r.  
(E kstrom  e t  a l . ,  1 9 7 6 , p . .T 5 0 )
T h is  t e s t  is  v e ry  s im i la r  to  a measure T h u rs to n e c a l le d  "C a rd s ."
S D  S D  S D  S D  S D  S D  
F ig u re  4 .  Sample ite m , Card R o ta tio n s .
Cube Comparisons (F ig u re  5 ) :
Each ite m  presents two draw ings o f  a cube. Assuming no cube 
can have two faces  a l i k e ,  th e  s u b je c t is  to  in d ic a te  w hich  
item s p re s e n t draw ings t h a t  can be o f  th e  same cube, and w hich  
p re s e n t draw ings t h a t  can not be o f  th e  same cube. (E kstrom  
e t  a l  . ,  19 7 6 , p i -1 5 0 )  i
T h is  t e s t  was suggested by Thu rston e'.s  "C ubes."




F ig u re  5 .  Sample ite m , Cube Comparisons.
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f-ji'm Board (F igu re  6 ):
Each item  presents 5 shaded drawings o f  p ie c e s , some or a l l  
o f  which can be put to g e th e r to  form a f ig u re  presented in  
o u t l in e  form . The ta s k  is  to  in d ic a te  which o f  the p ie c e s , 
when f i t t e d  to g e th e r , would form the o u t l in e .  (Ekstrom  
e t  a l . ,  1976, p . 174)
O O
Figure 6 . Sample ite m , Form Board.
Paper F o ld in g  (F ig u re  7 ) :
For each item  successive drawings i l l u s t r a t e  two o r th re e  fo ld s  
made in  a square sheet o f  paper. The f in a l  drawing o f  th e  fo lded  
paper shows where a ho le  is  punched in  i t .  The s u b je c t s e le c ts  
one o f  5 drawings to  show how th e  punched sheet would appear 
when f u l l y  reopened. (Ekstrom  e t  a l . ,  197 6 , p . 174)
This te s t  is  s im ila r  to  T h u rs to n e 's  "Punched H o le s ."
°  I O O o o o ° o
i------- 1i i o o o
A B C D E
Figure 7 .  Sample item , Paper F o ld in g .
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Surface Development (F ig u re  8 ) :
Drawings a re  presented o f  s o l id  forms th a t  cou ld  be made w ith  
paper o r  sheet m e ta l.  W ith  each draw ing th e re  is  a diagram  
showing how a p iece  o f  paper m ight be c u t and fo ld e d  so as 
to  make th e  s o l id  fo rm . D o tted  l in e s  show where th e  paper is  
fo ld e d . One p a r t  o f  th e  diagram  is  marked to  correspond to  a 
marked s u rfa c e  in  th e  d ra w in g . The s u b je c t is  to  in d ic a te  
which l e t t e r e d  edges in  th e  draw ing correspond to  numbered 
edges o r  d o tte d  l in e s  in  th e  d iagram . (Ekstrom  e t  a l . ,  197 6 , 
p . 174)
This t e s t  was suggested by T h u rs to n e 's  te s t  o f  th e  same name.
F ig u re  8 . Sample ite m , S u rface  Developm ent.
Item s used on th e  Space R e la tio n s  S u b te s t o f  th e  D i f f e r e n t i a l  
A p titu d e  T es t (SR-DAT) re p re s e n t a com bination  o f  th e  fe a tu re s  o f  th e  
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SR-DAT Item  (F ig u re  9 ) :
To th e  r ig h t  o f  each p a tte rn  th e re  a re  fo u r  f ig u re s .  You a re  
to  decide which one o f  these f ig u re s  can be made from  th e  
p a tte rn  shown. The p a tte rn  always shows th e  o u ts id e  o f  the  
f ig u r e .  (B en n ett e t  a l . ,  1972, p . 2 )
A B C D
F ig u re  9 . Sample ite m , SR-DAT.
The Purdue S p a tia l  V is u a l iz a t io n -R o ta t io n s  T es t (PSVR). 
developed by Guay in  1977 , re q u ire s  im a g in in g  th e  movement o f  th re e -  
dim ensional f ig u re s  acc o rd in g  to  e x p l i c i t  d i r e c t io n s .  The in s tru c tio n s  
a re  s e lf -e x p la n a to ry  (see  F igure  1 0 ) .
IS  ROTATED TO 
AS [ 1 ^  IS ROTATED TO
®  ^  ^
A B C D E
F ig u re  10 . Sample i te m , PSVR.
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Vandenberg and Kuse (1 9 7 8 ) co n s tru c ted  th e  M ental R o ta tio n s  T e s t.  
The su b je c t must choose the  two a l te r n a t iv e s  which a re  ro ta tio n s  o f  th e  
c r i t e r i o n . '  A sample item  is  g iven  in  F ig u re  11 .
F ig u re  11 . Sample ite m , Mental R o ta tio n s .
Other item  types which a re  used to  measure s p a t ia l  v is u a l iz a t io n  
a re  Square R o ta tio n s  and Cube R o ta t io n s .
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Square R o ta tio n s  (F ig u re  1 2 ) :
Each item  presents a draw ing o f  a square w ith  a symbol o r l e t t e r  
in  each c o rn e r. Below i t  a re  5 o th er draw ings o f  squ ares , a lso  
w ith  symbols o r l e t t e r s  in  each c o rn e r. Some o f  th ese  choices  
are  ro ta tio n s  o f  th e  o r ig in a l  square; sometimes o n ly  th e  symbols 
have been ro ta te d ,  and sometimes th e re  has been a r o ta t io n  o f  
th e  o r ig in a l  square to g e th e r  w ith  a r o ta t io n  o f  the symbols and 
l e t t e r s .  The s u b je c t chooses the square which is  a r o ta t io n  o f  
the  o r ig in a l  square.
A 3 L
fck_____ w
zA z  » M X X W
A M W  *3 <  A Cx V A I
A B O D E  
F igure 12: Sample ite m , Square R o ta tio n s .
Cube R o ta tio n s  (F ig u re  1 3 ):
Each item  presents a draw ing o f  a cube w ith  a l e t t e r  o r a 
symbol on some o f  th e  fa c e s . Below i t  a re  5 o th er cubes, b ea r­
in g  symbols on some fa c e s . The s u b je c t chooses the  cube in  the  
second row which is  id e n t ic a l  to  the  cube above. No l e t t e r  o r 
symbol appears on more than one fa c e .
A B C D E
Figure 13 . Sample ite m , Cube R o ta tio n s .
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The exp erim en ter produced two types o f  item s which a re  v a r ia t io n s  
o f  th e  Paper F o ld ing  and Form Board ite m s . These ta sks  were used in  th e  
t r a in in g  m a te r ia ls ,  and have been c a l le d  Paper F o ld ing  w ith  I r r e g u la r  
Punches and N o n rectan g u lar Form Board.
Paper Fo lding w ith  I r r e g u la r  Punches (F ig u re  1 4 ):
Th is  is  id e n t ic a l  to  Paper Fo ld ing  except th a t  th e  punched hole  
is  not c i r c u la r ,  but is  in s te a d  i r r e g u la r ly  shaped. Some o f  
the  d is t ra c to rs  may have the punches placed c o r r e c t ly ,  but a 
ro ta t io n  o f  th e  c o r re c t  o r ie n ta t io n  o f  the  punch may be in t r o ­
duced.
I
a d d a d o o a
S D  S D  S D  S D
Figure 14 . Sample ite m , Paper F o ld in g  w ith  I r r e g u la r  Punches.
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N onrectangu lar Form Board (F ig u re  1 5 ):
This is  id e n t ic a l  to  Form Board except th a t  the  re c ta n g u la r  
forms a re  rep laced  by o th e r  shapes.
G
o o o o o
F igure  15 . Sample ite m , N o nrectangu lar Form Board.
N e a r ly  a l l  o f  the item  types l is t e d  here were in c o rp o ra te d  in to  
the s p a t ia l  t r a in in g  in  v a rio u s  fa s h io n s . Sometimes th ey  were used as a 
means o f  i l l u s t r a t i n g  a s p e c if ic  s t r a te g y ,  w h ile  in  o th e r  cases th e y  were 
in trod uced  as p ra c tic e  ite m s .
The f in a l  p re p a ra to ry  phase invo lved  exam ining the s p a tia l  
research done p re v io u s ly  which made use o f in tro s p e c t iv e  r e p o r t in g .  This  
was done in  th e  hope o f  id e n t if y in g  the s t ra te g ie s  used by d i f f e r e n t  
in d iv id u a ls  in  the perform ance o f  s p a t ia l  ta s k s . B a r ra t t  (1 9 5 3 ) produced 
p ro to co ls  o f  male c o lle g e  s tu d en ts  who were s o lv in g  vario u s  s p a t ia l  ta s k s .  
The fo llo w in g  comments were made as students so lved  T h u rs to n e 's  "F ig u res"  
t e s t ,  which is  s im ila r  to  th e  Cube R o tations  t e s t  mentioned e a r l i e r .
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' I  would look a t  these various  choices h ere , and I  would take  
the  problem and t r y  to  sw itch  i t  a ro u n d .. . a f t e r  I  tu rn  i t  around,
I  see th a t  they  can be made to  c o in c id e . . . f i r s t  you sw itch  the  
f ig u re  around m e n ta lly , take  a mental p ic tu re  o f  th e  complete 
f ig u r e . . .what I  d id  was o r ie n t  m y s e lf by some id e n t ify in g  mark 
as the curved l in e  a t  th e  bottom; then I  n o ticed  ano ther marking 
symbol as e i th e r  going to  th e  l e f t  or r ig h t  when I  had i t  in  
th is  p o s i t io n . . . '  ( B a r r a t t ,  195 3 , p. 22)
These comments suggest th a t  the processes o f m e n ta lly  ro ta t in g  the  whole
image, anchoring to  a f a m i l ia r  image, and r o ta t in g  o n ly  a p a rt  o f  the
image are used by students s o lv in g  these  problems. Thus such s tra te g ie s
were included in  th e  s p a tia l t r a in in g  m a te r ia ls .
B a r ra t t  a lso  recorded the comments o f  h is su b jects  as they
solved th e  items on the SR-DAT.
' . . . f i r s t  o f  a l l  th e  block is  fo ld ed  up; t r y  to  p ic tu re  the  
block as i t  would b e . . . I  would lo o k  a t  the  shape o f  the  
m a te r ia l ,  look a t  the shape o f th e  fin is h e d  product over here , 
and see i f  th ey  could p o s s ib ly  lo o k  anyth ing a l i k e . . . I  looked 
a t  th e  f in is h e d  product to  s e t up in  my mind how these  
problems o r p a tte rn s  could be fo ld e d  in to  fin is h e d  p ro d u c ts .' 
( B a r r a t t ,  1953, p . 23)
In  th is  case the su b jects  in d ic a te d  th a t  they  were working backwards,
and were a tte m p tin g  to  f in d  some means fo r  comparing the  unfolded
su rface  to  the fo ld e d  cho ices .
A lle n  (19 7 4 ) and A lle n  and Hogeland (1978) have conducted 
s tu d ie s  which in v e s tig a te d  the  problem so lv in g  s tra te g ie s  employed by 
a d u lts  as th ey  solved s p a tia l ta s k s . A lthough the technique used was 
not in tro s p e c t iv e  in  the  t r a d it io n a l  sense, th ey  d id  u t i l i z e  an in te r e s t ­
ing  procedure. S u bjects  were given q u e s tio n n a ires  to  complete which 
id e n t i f ie d  severa l s tra te g ie s  fo r  s o lv in g  s p a tia l ta s k s . The choices  
ranged from ta c t ic s  which were very  t e s t -s p e c i f ic  (such as " r o l l in g  over 
th e  cards" and "using concrete  a id s" in  Cube R o ta tio n s -ty p e  ta s k s ) , to
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t a c t ic s  which were general and which would a p p ly  to  many tasks  (such as 
"form ing m ental im ages," o r  "g u e s s in g "). S u b jec ts  were asked to  check o f f  
the  s t r a te g ie s  th ey  were using as th e y  perform ed s p a tia l  ta s k s . S i g n i f i ­
can t sex d iffe re n c e s  in  cho ice  o f  s tra te g y  were found. For in s ta n c e ,  
women were a p t to  use c o n c re te , n o n -a b s tra c t,  unorganized methods o f  
s p a t ia l  problem s o lv in g .
The in fo rm a tio n  gath ered  in  th e  th re e  p re lim in a ry  stages was 
organ ized  in to  an o u t l in e  o f  s p a t ia l  problem s tra te g ie s  and te c h n iq u e s . 
This  o u t l in e  was used in  th e  development o f  th e  s p a tia l  t r a in in g  program. 
In  th e  fo llo w in g  s e c tio n , th e  t ra in in g  program is  d es crib ed .
T ra in in g  M a te r ia ls
A c a te g o riz a t io n  scheme based p r im a r i ly  upon item  types used in  
m easuring s p a t ia l  a b i l i t y  served as the framework f o r  th e  c o n s tru c tio n  o f  
th e  s p a t ia l  t r a in in g  m odules. S ix  modules were developed, based upon the  
c a te g o r iz a t io n  scheme. C e rta in  themes and t a c t ic s  which appeared e i th e r  
to  be h e lp fu l o r im p ortan t in  accom plishing s p a t ia l  tasks were d e fin e d  
and em phasized, when a p p ro p r ia te , throughout th e  s ix  m odules. The s e t  o f  
themes and ta c t ic s  which aro se  from th e  background p re p a ra tio n  is  composed 
o f :
1 . v is u a l e s tim a tio n  and approxim ation
2 .  v is u a l d is c r im in a t io n  between images
3 . mental m a n ip u la tio n  o f  images
4 .  extended p ra c t ic e  on s p a tia l tasks
5 . speeded perform ance o f  s p a tia l tasks
6 . progression from uncom plicated to  com plicated  tasks
7 . no tion  o f  r e f le c t io n
8 . a l te rn a te  t a c t ic s  fo r  perform ing s p a t ia l  tasks
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The con ten t o f  th e  s ix  modules was d iv id e d  in  th e  fo llo w in g  fa s h io n :
Module 1 : tw o-d im ensional s p a t ia l  tasks
Module 2 : th re e -d im e n s io n a l s p a t ia l  tasks
Module 3: ro ta t io n s  from tw o - in to  th re e -d im e n s io n a l space, p a r t  I
Module 4 : r o ta t io n s  from tw o - in to  th re e -d im e n s io n a l space, p a r t  I I
Module 5: a rea  d is c r im in a t io n
Module 6 : development o f  th re e -d im e n s io n a l images from tw o-
dim ensional images 
The s ix  modules were produced in  th e  form o f  s l id e s  and accompany­
ing  taped com m entaries. The m a te r ia ls  were programmed, and students  
worked through them a t  t h e i r  own pace. A worksheet c o n ta in in g  m u lt ip le  
ch o ice  q u e s tio n s , as w e ll as open-ended q u e s tio n s , was su p p lie d  w ith  each 
m odule. The modules were designed in  such a way th a t  s tu d en ts  could n o t 
com plete them w ith o u t answering th e  q u e stio n s  on th e  w orksheets . The 
a tte n d a n ts  in  MaC who were re s p o n s ib le  fo r  d is t r ib u t in g  m a te r ia ls  checked 
to  be c e r ta in  th a t  th e  worksheets were com pleted , and thus th e re  was some 
c o n tro l over th e  thoroughness o f  th e  s tu d e n ts ' e f f o r t s .  However, w orksheet 
responses were not used in  the  a n a ly s is ,  as t h e i r  s o le  purpose was to  
g uarantee  s tuden t p a r t ic ip a t io n .
The a u d io v is u a l (AV) and a u d io -v is u a l - ta c tu a l  (AVT) vers ions  o f  
th e  t r a in in g  modules were id e n t ic a l  in  c o n te n t. The AVT taped commentary 
v a r ie d  from th e  AV tap ed  commentary, and packets o f  "supplem entary ta c tu a l  
a id s "  were su p p lied  a long  w ith  th e  AVT v e rs io n . The supplem entary a id s  
c o n s is ted  o f  a v a r ie t y  o f  con crete  m a te r ia ls  designed to  a s s is t  w ith  th e  
perform ance o f  th e  s p a t ia l  ta s k s . The modules v a r ie d  in  le n g th  from 40 
to  75 m in u te s , but due to  unmonitored stopp ing  and s t a r t in g  throughout 
th e  m odules, s tuden t c o n ta c t tim e  was v a r ia b le .  More d e ta i le d  d e s c r ip tio n
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o f  the  module content and sequencing is  a v a ila b le  from the  a u th o r.
Summary
In  o rd e r to  in v e s t ig a te  questions concerning th e  n a tu re  o f  the  
r e la t io n s h ip s  among c a lc u lu s  ach ievem ent, s p a tia l v is u a l iz a t io n  a b i l i t y ,  
s p a tia l t r a in in g ,  and se x , a random sample o f  250 UNH c a lc u lu s  students  
p a r t ic ip a te d  in  th is  s tu d y . Students were d iv id e d  in to  seven experim ental 
groups in  a m odified  Solomon fo u r-g ro u p  d e s ig n . P re trea tm en t scores on 
p re c a lc u lu s  background, c a lc u lu s  background, and s p a t ia l  v is u a l iz a t io n  
a b i l i t y  were g a th ered . A s e r ie s  o f  s ix  s p a t ia l  t r a in in g  m odules, in  
au d io v is u a l and a u d io -v is u a l- ta c tu a l  fo rm , was devised a f t e r  exam ination  
o f  e a r l i e r  t ra in in g  e f f o r t s ,  popular s p a t ia l  t e s ts ,  and in tro s p e c t iv e  
re p o r ts . Students in  th e  a p p ro p ria te  exp erim enta l groups worked t h e i r  
way through th e  s ix  modules a t  t h e i r  own pace. P o s ttrea tm en t scores on 
ca lc u lu s  achievem ent, volume o f  s o lid  o f  re v o lu t io n  problem s o lu t io n ,  and 
s p a tia l v is u a l iz a t io n  a b i l i t y  were g a th ered .
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CHAPTER IV
ANALYSES AND RESULTS
The analyses presented in  th is  c h a p te r were c a r r ie d  o u t in  th re e  
phases. The f i r s t  o b je c t iv e  was to  o b ta in  d e s c r ip t iv e  in fo rm a tio n  on 
a l l  o f  th e  experim ental v a r ia b le s ,  fo r  s ev era l com binations o f  th e  
experim ental groups. In  th e  second phase, more d e ta ile d  ana lyses  were 
conducted to  in v e s t ig a te  th e  prim ary research  q u e s tio n s , as o u t lin e d  in  
Chapter I .  The t h ir d  s tage  o f  the  a n a ly s is  was devoted to  th e  te s t in g  
o f  the secondary research  q u e s tio n s , a lso  l is t e d  p re v io u s ly .3
The a b b re v ia tio n s  used fo r  v a r ia b le  names throughout th e  fo llo w ­
ing d iscu ss io n  are  given below .
P re trea tm en t measures:
DATPRE: Space R e la tio n s  Subtest o f  th e  D i f fe r e n t ia l  A p titu d e
Test
CALBACK: exp erim enter-developed c a lc u lu s  background instru m ent
PRECAL: p reca lcu lu s  score (sum o f  a lg e b ra  and tr ig o n o m e try  sub­
sec tio n  scores on th e  MAA p reca lcu lu s  instru m ent) 
P o sttreatm ent measures:
DATPOST: Space R e la tio n s  S ubtest o f  th e  D i f fe r e n t ia l  A p titu d e
Test
3
Analyses were c a r r ie d  out by means o f  th e  s t a t is t i c a l  programs 
M in ita b  I I  (Ryan, J o in e r , & Ryan, 19 7 8 ), SPSS (N ie ,  H u ll ,  Je n k in s , S te in -  
b renn er, & B e n t, 1 9 7 5 ), and M u lt iv a r ia te  A n a ly s is  o f  V arian ce  on Large 
Computers (C ly d e , 1969)
72
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CALTOT: sum o f  th e  f in a l  t e s t  scores on th e  c a lc u lu s  U n its  1 -4
t e s ts
UNIT3: f in a l  score on th e  c a lc u lu s  u n i t  3 t e s t
VSRSC: volume o f  s o lid s  o f  r e v o lu t io n  sco re  (sum o f  "tendency
to  sketch" sco re and score on e x p e r im e n te r 's  " s o lid s  o f  
re v o lu t io n "  m easure)
DATDIFF: DATPOST minus DATPRE
D e s c r ip tiv e  S t a t is t ic s
Sample means and s tandard  d e v ia t io n s  were computed fo r  a l l  v a r i ­
a b le s .  Th is  in fo rm a tio n  is  co n ta in ed  in  T ab le  6 .
T a b le  6
Means and Standard  D e v ia tio n s  f o r  E n t ir e  Sam ple, A l l  V a ria b le s
V a ria b l ea ji M SD
DATPRE (6 0 ) 149 42 .4 4 3 0 1 0 .2 0
CALBACK (3 6 ) 224 9.3214 7 .5 7
PRECAL (4 1 ) 249b 21 .8710 6.01
DATPOST (6 0 ) 222° 47 .7 7 9 0 9 .1 8
CALTOT (4 0 0 ) 250 317 .080 0 5 3 .7 0
UNIT3 (1 0 0 ) 250 76 .8 9 6 0 1 7 .3 0
VSRSC (1 4 ) 244d 7 .9 6 8 0 2 .51
DATDIFF (6 0 ) 147 6 .6149 5 .51
aNumbers in  parentheses in d ic a te  maximum p o s s ib le  sco res . 
b0ne fem ale in  group D d id  n o t ta k e  th e  p re c a lc u lu s  t e s t .  
c0ne m ale in  group B and one m ale in  group F d id  n o t take  the  
s p a tia l v is u a l iz a t io n  p o s t te s t .
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TABLE 6 -  con tinued
d0ne male in  group A, one fem ale  in  group A, one fem ale in  
group F, two fem ales in  group 6 ,  and one m ale in  group G d id  
n o t answer th e  e x p e rim e n te r 's  volume q u e s tio n .
The same in fo rm a tio n  was computed s e p a ra te ly  fo r  males and f o r  
fem ales (T a b le  7 ) and then f o r  each o f  th e  exp erim en ta l group 
(T a b le  8 ) .
T ab le  7
Means and Standard D e v ia tio n s f o r  Males and 1Females, A l l V a ria b l es







DATPRE 75 4 3 .3 3 3 0 10 .3 0 74 4 1 .5410 1 0 .1 0
CALBACK 112 9 .0 0 8 9 7 .5 4 112 9 .6339 7 .6 3
PRECAL 127 22 .0 3 9 0 6.21 122 21 .6800 5 .8 3
DATPOST no 4 9 .2 3 6 0 8.41 112 4 6 .3480 9.71
CALTOT 127 313 .6 7 0 0 56 .0 0 123 320 .150 0 51 .3 0
UNIT3 127 7 4 .3 8 6 0 1 8 .5 0 123 7 9 .4 8 8 0 1 5 .5 0
VSRSC 125 7 .9 2 4 0 2 .33 119 8 .0 1 4 0 2.71
DATDIFF 74 6 .9 3 2 4 5 .89 74 6 .2973 5 .1 3































DATPRE 53 43.8680 9.50 52 41.8080 11.10 44 41.477 9.96 -- — -----
CALBACK 53 8.8679 6.90 52 9.3462 7.35 44 11.000 6.74 22 7.0455 7.09 27 8.9630 8.87 26 9.6538 9.48 —
PRECAL 53 2213020 6.53 52 20.8460 5.66 44 21.545 5.35 21 20.8570 6.27 27 23.2220 6.77 26 22.0770 6.30 26 22.808 5.51
DATPOST 53 49.8300 7.98 51 49.3920 8.20 44 47.955 8.76 22 46.5450 6.19 27 47.4070 1 0.10 25 41.3200 12.60
CALTOT 53 319.6800 55.50 52 314.2900 53.50 44 328.450 42.60 22 297.1400 75.10 27 324.1500 44.40 26 320.2700 55.80 26 304.420 51.00
UHIT3 53 77.3580 1 9.50 52 75.8270 1 6.20 44 80.159 12.80 22 70.3640 24,20 27 80.9630 11.20 26 77.6150 21.40 26 73.154 13.60
VSRSC 53 8.0647 2.59 52 8.1692 2.35 44 7.3705 2.82 22 8.2182 2.20 27 9.1556 2.20 25 6.9120 2.58 23 7.957 2.17
DATDIFF S3 5.9623 5.19 51 7.4118 5.60 44 6.4773 5.79 — — —
ui
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D e s c rip tiv e  s t a t is t ic s  a ls o  were computed f o r  c e r ta in  combina­
t io n s  o f  the  experim ental groups. The fo u r groups which experienced th e  
s p a t ia l  t r a in in g  (groups A ,B ,D , and E) were combined to  form a s in g le  
group, which is  la b e le d  " t r e a te d ."  The th re e  groups which rece ived  no 
s p a tia l t r a in in g  (groups C ,F , and G) were combined in to  a s in g le  
"u n trea ted " group. Sample s t a t is t ic s  fo r  the t re a te d  and untreated  
groups are  g iven in  T a b le  9 . This a llo w s  fo r  a cu rso ry  comparison o f  
th e  groups which were t ra in e d , and those which were n o t , on the p o s t-  
tre a tm e n t measures.
T ab le  9
Means and Standard D e v ia tio n s  fo r  Treated  and U ntreated  
Groups, P o sttreatm ent V a ria b le s
Experim ental Group 
T re a te d (A ,B ,D ,E ) U n tre a te d (C ,F ,G )
V a ria b le Ji M SD n. M SD
DATPOST 153 48 .7840 8 .2 5 69a 4 5 .5510 10 .70
CALTOT 154 315.4200 5 6 .4 0 96 319 .730 0 49 .30
UNIT3 154 76.4740 1 8 .1 0 96 77 .5 7 3 0 15 .90
VSRSC 152 8.3164 2 .4 0 92 7 .3 9 2 4 2.61
aGroup G is  o m itted  on DATPOST, s in c e  the  te s t  was not adm in is tered  
to  th a t  group.
S im ila r ly ,  in  Tab le  10 the groups which re ce ived  th e  aud iovisua l 
t r a in in g  (groups A and D) have been combined in to  a s in g le  group, as 
have been the groups which rece ived  th e  a u d io -v is u a l- ta c tu a l  t ra in in g  
(groups B and E ) . T h is  was done to  g a in  an i n i t i a l  f e e l in g  fo r  p oss ib le
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d iffe re n c e s  in  th e  two t r a in in g  ty p e s , on p o s ttre a tm e n t measures.
Tab le  10
Means and S tandard D e v ia tio n s  f o r  A u dio visu al 
and A u d io -v is u a l- ta c tu a l T ra in in g  Groups, P o s ttrea tm en t V a ria b le s
Experim ental Group 
A u d io v is u a l(A ,D ) A u d io -v is u a l- ta c tu a l(B ,E )
V a ria b le _n M SD ji M SD
DATPOST 75 4 8 .8 6 7 0 7.61 78 48 .7050 8 .8 7
CALTOT 75 313 .070 0 62 .20 79 317 .6600 5 0 .5 0
UNIT3 75 75 .3 0 7 0 21 .10 79 77 .5820 1 4 .8 0
VSRSC 73 8 .1 1 1 0 2 .47 79 8 .5063 2 .3 3
As a f in a l  way o f  com bining the  experim enta l groups, th e  th re e  
groups which were given th e  s p a t ia l  v is u a l iz a t io n  p re te s t  (groups A ,B , 
and C) were combined, and th e  th re e  groups which were not g iven th e  
s p a tia l v is u a l iz a t io n  p re te s t  (groups D ,E ,F , and G) were combined. 
S t a t is t ic s  on th e  p o s ttrea tm e n t measures fo r  th e  p re te s te d  and unpre­
te s te d  groups a re  g iven in  T a b le  1 1 .
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Tab le  11
Means and S tand ard  D e v ia tio n s  fo r  Groups P re te s te d  on 
S p a t ia l  V is u a l iz a t io n  and Groups Not P re te s te d  on 
S p a t ia l  V is u a l i z a t io n ,  P o s ttre a tm e n t V a r ia b le s
V a r ia b le
i
ji
E xperim enta l 
P re te s te d (A ,B ,C )
M SD
Group
U n p re te s te d (D ,E ,F ,G )  
n M SD
CALTOT 149 3 2 0 .3 9 0 0 51 .3 0 101 3 1 2 .1 9 0 0 5 7 .0 0
UNIT3 149 7 7 .6 5 1 0 1 6 .6 0 101 7 5 .7 8 2 0 1 8 .3 0
VSRSC 147 7 .8 9 3 9 2 .5 9 97 8 .0 8 0 4 -2 .4 1
Pearson product-m om ent c o r r e la t io n s  were computed among a l l  
v a r ia b le s ,  f i r s t  f o r  th e  e n t i r e  sample (T a b le  1 2 ) ,  and then s e p a ra te ly  
by sex and by e x p e rim e n ta l group (T a b le s  1 3 ,1 4 ,  and 1 5 ) .  Many o f  th e s e  
c o r r e la t io n s  proved to  be s t a t i s t i c a l l y  s i g n i f i c a n t ,  as ex p e c te d . O f 
p a r t ic u la r  in t e r e s t  a re  th e  m oderate p o s it iv e  r e la t io n s h ip s  between 
th e  s p a t ia l  v is u a l iz a t io n  measures and some o f  th e  m athem atics m easures, 
a f in d in g  w hich was a n t ic ip a te d  in  l i g h t  o f  th e  o p in io n s  o f  many 
re s e a rc h e rs  co n cern in g  th e  r e la t io n s h ip  between m athem atics and s p a t ia l  
a b i l i t y .  In  a d d it io n ,  i t  seems c le a r  th a t  th e  p re c a lc u lu s  background  
t e s t  is  r e la te d  to  both th e  c a lc u lu s  t o t a l  grade and th e  U n it  3 t e s t  
g ra d e , an o b s e rv a tio n  w hich has p o s it iv e  im p lic a t io n s  con cern in g  th e  
u se fu ln ess  o f  th e  p re c a lc u lu s  background m easure.
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Table 12
C o rre la t io n s  Among A l l  V a r ia b le s , E n tire  Sample
V a r ia b le 2 3 4 5 6 7
1 . DATPRE - .0 4 6
(T49)
.2 5 3 *
(1 4 8 )
.8 4 3 *




(1 4 9 )
.356*
(147)
2 . CALBACK .4 4 4 *
(2 2 3 )
.163
(2 2 2 )
.4 2 6 *
(2 2 4 )
.3 8 2 *
(2 2 4 )
- .1 4 1 *
(224 )
3 . PRECAL .2 8 8 *
(22 1 )
.5 0 7 *
(2 4 9 )
.4 3 9 *
(2 4 9 )
.266*
(24 3 )
4 . DATPOST .223
(22 2 )
.100
(2 2 2 )
,3 9 3 *
(22 2 )
5 . CALTOT .8 5 5 *
(2 5 0 )
.225*
(24 4 )
6 . UNIT3 .222*
(24 4 )
7 . VSRSC
N o te , reused in  computing each c o r r e la t io n  is  g iven in  p aren theses . 
.001.
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Table 13
C o rre la t io n s  Among A l l  V a r ia b le s , Males and Females
V a ria b le 2 3 4 5 6 7
Males




.8 2 7 * *
(7 4 )




.4 7 9 * *
(7 4 )
2 . CALBACK .3 9 7 * *
(1 1 2 )
.078
(no)
.4 8 4 * *
(1 1 2 )
.4 9 0 * *
(112 )
.146
( H I )
3 . PRECAL .212
(1 1 0 )
.5 0 8 * *
(1 2 7 )
.5 1 0 * *
(1 27 )
.2 5 1 *
(1 2 5 )
4 .  DATPOST -.0 7 3
(1 1 0 )
.015
(no)
.4 5 5 * *
(1 0 9 )
5 . CALTOT .8 5 2 * *
(1 2 7 )
.097
(1 2 5 )
6 . UNIT3 .119
(1 2 5 )
7 . VSRSC
Females
1. DATPRE - .0 2 8
(7 4 )
.3 2 9 *
(7 4 )








2 . CALBACK .5 0 0 * *
(HD
.2 4 9 *
(1 1 2 )
.3 6 1 * *
(1 1 2 )
.2 5 3 *
(1 1 2 )
.3 0 2 * *
(no)
3. PRECAL .3 5 1 * *
( H I )
.5 1 2 * *
(1 2 2 )
.3 7 0 * *
(122 )
.2 8 4 * *
(1 1 8 )
4 . DATPOST .3 7 8 * *
(1 1 2 )
.228
(1 1 2 )
.3 5 9 * *
(1 0 8 )
5 . CALTOT .8 6 7 * *
(1 2 3 )
.3 5 3 * *
(1 1 9 )
6 . (JNIT3 .3 3 9 * *
(1 1 9 )
7 . VSRSC
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TABLE 13 -  co n tin u e d
N o te , jx used in  computing each c o r r e la t io n  is  g iven  in  p a re n th e s e s .  
* j)  < .0 0 5 .
* * £  K *001 .
An i n i t i a l  lo o k  a t  th e  re s u lts  f o r  males and f o r  fem ales  o f  c o r r e la ­
t io n s  between DATPRE and CALBACK, DATPOST and CALBACK, DATPRE and 
CALTOT, DATPOST and CALTOT, and VSRSC w ith  a l l  o f  th e  c a lc u lu s  
measures (CALTOT, UN IT3, CALBACK) has in d ic a te d  r e la t io n s h ip s  between 
th e  s p a t ia l  v is u a l iz a t io n  measures and th e  m athem atics achievem ent 
m easures. However, th e  p a tte rn  o f  s ig n if ic a n c e  in  th e  c o r r e la t io n s  
d i f f e r s  f o r  m ales and fe m a le s .
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Table 14
C o rre la tio n s  Among A ll V a r ia b le s , Groups A ,B ,C ,D ,E ,F , and G
V a ria b le 2 3 4 5 6 7
Group A
1. DATPRE - .0 5 8
(5 3 )
.3 6 1 *
(5 3 )






.6 0 1 **
(51 )










3 . PRECAL .4 0 5 *
(5 3 )
.5 9 4 **
(5 3 )








.5 0 9 **
(51 )
























.4 2 2 * *
(5 2 )




3 . PRECAL .258
(5 1 )
.5 7 3 * *
(5 2 )








.4 2 5 **
(5 1 )




6 . UNIT3 .144  
• (52 )
7 . VSRSC
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TABLE 14 -  continued
' Group C




.8 1 6 * *
(4 4 )
- .0 2 4
(4 4 )




2 . CALBACK .279
(4 4 )
- .0 3 3
(4 4 )
.4 6 5 * *
(4 4 )




3 . PRECAL .150
(4 4 )
.3 9 5 *
(4 4 )




4 . DATPOST .011
(4 4 )


































.6 5 0 * *
(2 2 )




5 . UNIT3 .469
(2 2 )
6 . VSRSC
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TABLE 14 -  continued
Group E




.5 4 4 *
(2 7 )




2 . PRECAL .288
(2 7 )
.5 9 8 * *
(2 7 )


























.6 4 0 **
(2 5 )
2 . PRECAL .445
(2 5 )
.7 5 4 * *
(2 6 )








.6 3 1 **
(2 4 )




5 . UNIT3 .442
(2 5 )
6 . VSRSC
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TABLE 14 -  continued
Group G
1 . PRECAL .148 .235 .5 6 0 *
(2 6 ) (26 ) (2 3 )
2 .  CALTOT .8 3 9 * * .096
(26 ) (2 3 )
3 . UNIT3 .082
(2 3 )
4 . VSRSC
N o te , used in  computing each c o r re la t io n  is  given in  parentheses, 
* £  < ,005 .
* * £  < . 001.
In  a d d itio n  to  th e  d e s c r ip t iv e  in fo rm atio n  presented here, 
histograms were done fo r  a l l  measures, and s c a tte rp lo ts  were run fo r  
a l l  re le v a n t com binations o f  v a r ia b le s .  There did  not appear to  be any 
serious  d ev ia tio n s  from n o rm a lity , so fu r th e r  analyses were deemed 
a p p ro p r ia te .
The d e s c r ip t iv e  s t a t is t ic s  were used as a means o f  becoming 
f a m il ia r  w ith  the r e s u lts  o f  the  te s ts  w ith  th is  p a r t ic u la r  sample o f  
c o lle g e  s tu d en ts . Some o f  the re s u lts  m otivated  more d e ta i le d  ana lyses, 
which w i l l  be discussed in  the sec tio n  on secondary research  questions. 
Other re s u lts  suggested questions which m ight be in v e s tig a te d  in  fu tu re  
resea rch . Those questions a re  noted in  Chapter V.
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In v e s t ig a tio n  o f  Prim ary Research Questions
The research  problem o u tlin e d  in  C hapter I  concerns th e  e f fe c ts  
o f  tre a tm e n t c o n d itio n  and sex upon p o s ttrea tm e n t measures o f c a lc u lu s  
achievement (CALTOT, U N IT 3 ), th e  s o lu tio n  o f  problems re q u ir in g  th e  
com putation o f  volumes o f  s o lid s  o f  re v o lu t io n  (VSRSC), and s p a t ia l  
v is u a l iz a t io n  (DATPOST). P re trea tm en t measures were taken on p reca lcu lu s  
background (PRECAL), ca lc u lu s  background (CALBACK), and s p a t ia l  v i s u a l i ­
z a tio n  (DATPRE).
A 3 x 2 f a c t o r ia l  design was employed. The le v e ls  o f  th e  f i r s t  
f a c t o r ,  tre a tm e n t c o n d it io n , were au d io v is u a l t r a in in g  (A V ), a u d io -v is u a l -  
ta c tu a l t r a in in g  (A V T), and c o n tro l (C ) ,  The le v e ls  o f  th e  second fa c to r ,  
sex , were m ale and fem a le . A n a ly s is  o f  co v arian c e  was th e  p r in c ip a l  
s t a t is t i c a l  techn ique  used, and a l l  covariance  ana lyses presented  in  th is  
sec tio n  a re  two-way ana lyses ( t re a tm e n t-b y -s e x ) .  Each a n a ly s is  was p re -  
ceeded by te s ts  fo r  p a r a l le lis m  o f  the  re g re s s io n  s u rfa c e s .
M u lt iv a r ia t e  A n a ly s is  o f  C ovariance o f  CALTOT, UNIT3, VSRSC, and DATPOST, 
Adjusted by DATPRE, PRECAL, and CALBACK
The f i r s t  a n a ly s is  a ttem p ted  was a m u l t iv a r ia te  a n a ly s is  o f  co-  
varian ce  w ith  CALTOT, UNIT3, VSRSC, and DATPOST as c r i te r io n  v a r ia b le s ,  
and CALBACK, PRECAL, and DATPRE as c o v a r ia te s . Experim ental groups A ,B , 
and C were used in  th is  a n a ly s is .  L in e a r reg re s s io n s  were f i t t e d  to  the  
3 x 2  tre a tm e n t groups. A m u l t iv a r ia te  te s t  o f  th e  e q u a li ty  o f  re g re s s io n ,  
using W ilk s ' Lambda, was s ig n i f ic a n t  (£ (6 0 ,4 6 6 .7 4 4 )  = 1 .3 4 5 , £  < .0 5 1 ) ,  
and so th e  hypothesis o f  p a r a l le l  c e l l  re g re s s io n  surfaces was r e je c te d .
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F urther te s tin g  was c a rr ie d  out to  a s c e rta in  the confounding v a r ia b le  or 
v a r ia b le s .
Tab le  15
U n iv a ria te  Tests o f  E q u a lity  o f  C e ll Regressions fo r  UNIT3, DATPOST, 
VSRSC, and CALTOT on PRECAL, CALBACK, and DATPRE
V a ria b le MS d f £
UNIT3 174 .535 15/122 .826
DATPOST 25.874 15/122 1 .354
VSRSC 10.246 15/122 1 .8 3 4 *
CALTOT 2142.762 15/122 1 .309
* £  < .04 .
In  o rd er to  continue the m u lt iv a r ia te  a n a ly s is , VSRSC was removed from 
the s e t o f  c r i te r io n  v a r ia b le s . L a te r in  th is  sec tio n  a more d e ta ile d  
d iscuss ion is  presented o f  the re la t io n s h ip  between VSRSC and the o th e r  
v a r ia b le s .
M u lt iv a r ia te  A nalysis  o f  Covariance o f  CALTOT, UNIT3, and DATPOST, 
Adjusted by DATPRE, PRECAL, and CALBACK
Following the e lim in a tio n  o f  VSRSC from the m odel, the te s t  o f  
e q u a li ty  o f  regress ion  was not s u f f ic ie n t ly  s ig n if ic a n t  to  m e r it  fu r th e r  
concern ( F ( 4 5 ,3 6 3 .2 1 2 ) *  1 .1 5 2 , £  > .2 4 1 ) .  A m u lt iv a r ia te  te s t  o f
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w ith in  c e lls  re g re s s io n , using W ilk s ' Lambda, in d ic a te d  th a t  th e  re g re s ­
sion r e la t io n s h ip  was s ig n i f ic a n t  (£ (9 ,3 3 3 .5 7 2 )  = 3 6 .5 0 8 , £ <  .0 0 1 ) .  Next 
the m u lt iv a r ia te  a n a ly s is  o f  co v arian c e  was p erfo rm ed .
C e ll means, standard  d e v ia t io n s ,  and c a l l  means ad ju sted  f o r  th e  
th re e  c o v a r ia te s  a re  g iven  in  Tab les 16 and 17.
T ab le  16
C e ll Means and Standard  D e v ia t io n s ,
PRECAL, DATPRE, and CALBACK








AV 27 2 1 .333 6 .282 44.741 9 .9 2 9 8 .1 4 8 7 .0 8 0
AVT 25 21 .6 8 0 5 .872 4 2 .6 0 0 12 .457 8 .6 8 0 7 .4 7 6
C 22 21.591 5.771 4 2 .9 0 9 8 .3 2 6 11 .864 6 .8 3 3
Females
AV 26 23 .3 0 8 6.751 4 2 .9 6 2 9 .145 9 .615 6.771
AVT 26 2 0 .3 8 5 5 .307 4 1 .3 8 5 9 .9 4 0 10.231 7 .3 3 4
C 22 2 1 .5 0 0 5.021 4 0 .0 4 5 11 .383 10 .136 6 .7 0 0















Obtained and Adjusted Cell Means, UNIT3, DATPOST, 
and CALTOT Adjusted by PRECAL, CALBACK, and DATPRE
UNIT3 DATPOST CALTOT
Obtained Adjusted Obtained Adjusted Obtained Adjusted
Treatment M SD M M SD M M SD M
Males
AV 27 72.444 21.595 73.559 51.148 7.609 49.765 309.593 58.625 313.191
AVT 25 74.680 15.157 75.088 50.360 8.386 50.511 323.880 42.957 325.246
C 22 79.227 13.002 78.210 49.545 7.069 49.040 323.545 47.835 320.010
Females
AV 26 82.462 15.837 80.841 46.462 8.267 45.984 330.154 51.155 324.238
AVT 26 79.115 13.110 79.987 48.462 8.071 49.216 312.500 49.692 315.830





M u lt iv a r ia t e  A n alysis  o f  Covariance Using W ilk s ' Lambda, CALTOT, 
UNIT3 and DATPOST on PRECAL, CALBACK and DATPRE, fo r  Treatm ent x Sex
Treatm ent Fac tor
T es t o f  Roots i f F
1 and 2 6 /2 7 4 .0 0 0 .522
2 2 /1 3 7 .5 0 0 .269
Sex Factor
T e s t o f  Roots i f F
1 3 /1 3 7 .0 0 0 3 .3 0 2 *
In te ra c tio n
T e s t o f  Roots i f F
1 and 2 6 /2 7 4 .0 0 0 1 .3 4 9
2 2 /1 3 7 .5 0 0 .361
* £  < .0 3 .
The m u lt iv a r ia te  a n a ly s is  o f  covariance  was fo llo w ed  by th ree  
separate u n iv a r ia te  analyses o f  co v arian c e . These were conducted w ith  
the in te n tio n  o f gain ing  more d e ta ile d  understanding o f  th e  s ig n i f ic a n t  
e f fe c t  o f  sex , which appeared in  th e  m u lt iv a r ia te  s i tu a t io n .  In  each 
o f  these u n iv a r ia te  a n a ly s e s , DATPRE, CALBACK, and PRECAL were used as 
c o v a r ia te s . S ig n if ic a n t  e f fe c ts  o f  sex appeared on UNIT3
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(F ( l ,1 3 9  = 4 .9 2 0 ,  £  < .0 3 ) and on DATPOST ( F ( l , 1 3 9 )  = 3 .4 3 9 , p < .0 7 ) .  
This d iffe re n c e  favored fem ales on UNIT3, a measure o f m athem atics  
achievem ent, and favored males on DATPOST, a measure o f  s p a tia l  v is u a l i ­
z a tio n  a b i l i t y .  S tand ard ized  p o in t es tim a tes  o f  a l l  p a ired  c o n tra s ts  
o f  tre a tm en t and sex e f fe c ts  were computed.
T ab le  19
P o in t E s tim ates o f  P a ired  C o n tras ts  o f  
Main E f fe c ts ,  UNIT3, DATPOST and CALTOT fo r  Treatm ent x Sex
C o n tra s t3 UNIT3 DATPOST CALTOT
a l “ a 2 - .0 6 5 - .0 3 8 - .0 7 8
a l “ a 3 - .0 3 9 .165 - .0 3 5
a 2 " a 3 .026 .203 .043
e i -  e2 - .1 8 3 .153 - .0 5 6
1 denotes main e f fe c t  o f  i t h  le v e l o f  tre a tm e n t. (AV=1, AVT=2,
1 denotes main e f fe c t  o f  i t h  le v e l o f  sex . (m a le = l,  fem ale=2)
There is  some d i f f i c u l t y  in  in te rp re t in g  th e  re s u lts  o f  th e  
above analyses because s p a tia l v is u a l iz a t io n  scores and m athem atics  
achievement scores both were used as c o v a r ia te s . In  o rd e r to  examine 
the s i tu a t io n  more c a r e f u l ly ,  th re e  u n iv a r ia te  ana lyses o f  co v arian c e  
were conducted. The f i r s t  in c lu d ed  on ly  th e  s p a t ia l  v is u a l iz a t io n  
measures, w h ile  th e  second and t h ir d  d e a lt  w ith  mathem atics achievem ent 
r e s u l t s .
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A n a ly s is  o f  Covariance o f  DATPOST, A d justed  by DATPRE
L in ear reg ress io n s  were f i t t e d  to  the  3 x 2  tre a tm e n t groups, 
and th e  t e s t  o f  e q u a li ty  o f  re g re s s io n  demonstrated th a t  th e  hypothesis  
o f  p a r a l le l  re g re s s io n  l in e s  was te n a b le  (£ (5 ,1 3 6 )  = .6 7 7 , j> > .6 4 2 ) .
T ab le  20
C e ll Means, DATPOST A djusted by DATPRE
Males Females
Treatm ent _n A d justed  M _n A d justed  M
AV 27 4 9 .5 8 9 26 48 .107
AVT 25 50.251 26 49 .175
C 22 4 9 .2 2 7 22 4 7 .985
T ab le  21
A n a ly s is  o f  C o variance o f DATPOST 
A d justed  by DATPRE fo r  Treatm ent x Sex
Source SS d f MS £
Treatm ent 32 .167  2 16 .083 .803
Sex 59 .186  1 5 9 .186 2 .9 5 3 *
Treatm ent x Sex 41 .527 2 20 .764 1 .0 3 6
E rror 2825 .829  141 20.041
* £  < .0 9 .
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The main e f f e c t  o f  sex was s ig n i f ic a n t ,  and n e ith e r  tre a tm e n t nor i n t e r ­
a c tio n  e f fe c ts  were s ig n i f ic a n t .  P o in t e s tim a te s  were made f o r  p a ired  
c o n tra s ts  o f  th e  main e f f e c ts .
Tab le  22
P o in t Estim ates o f  Pa ired  C o n tras ts  o f  Main E f f e c t s ,
DATPOST fo r  Treatm ent x Sex
C o n tra s t3 DATPOST
a l " a 2 - .2 0 7
a l " a 3 .544
a 2 " a 3 .658
*1 “ *2 .635
aa 1- denotes main e f f e c t  o f  i t h  le v e l o f  tre a tm e n t;  p. denotes main
e f fe c t  o f  i t h  le v e l o f  sex .
A n a ly s is  o f  Covariance o f  U N IT3, Adjusted by PRECAL and CALBACK
An a n a ly s is  o f  co v arian c e  was perform ed on UNIT3, co v ary in g  w ith
respect to  PRECAL and CALBACK, in  o rd er to  examine more c a r e f u l ly  th e
m athem atics achievement m easures. In  t h is  a n a ly s is  exp erim en ta l groups 
A and D, B and E, and C and F were combined in  o rd er to  a ch ieve  la r g e r  
c e ll  s iz e s ,  and to  u t i l i z e  th e  maximum amount o f  a v a ila b le  in fo rm a tio n .  
Groups A and D rece ived  th e  a u d io v is u a l s p a t ia l  t r a in in g ,  groups B and 
E both re c e iv e d  the a u d io -v is u a l- ta c tu a l  t r a in i n g ,  and groups C and F 
were c o n tro l groups.
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The hypothesis o f  p a r a l le l  regress ion  surfaces was upheld 
(£ (1 0 ,2 0 5 ) = 1 .1 0 0 , £  > .3 6 4 ) ,  and the regress ion  re la t io n s h ip  was 
found to  be s ig n i f ic a n t  (£ (2 ,2 1 5 )  = 3 6 .0 8 2 , £  < .0 0 1 ) .
Table 23
C e ll Means and Standard D e v ia tio n s , Groups A and D, 









38 21.342 6.291 7.368 6 .578
AVT
(groups B&E)
39 22.487 6.034 8.103 7 .100
C
(groups C&F)




36 22.472 6 .648 8 .944 7 .010
AVT
(groups B&E)
40 20.850 6 .179 10.300 8 .465
C
(groups C&F)
35 21.829 4 .962 9 .200 7 .124
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Table 24
O btained and A d justed  C e ll Means, Groups A and D, B and E, 
and C and F, UNIT3 A d justed  by PRECAL and CALBACK
UNIT3
O btained A d jus ted




38 70 .263 2 2 .3 1 9 7 1 .5 4 9
AVT
(groups B&E)
39 7 5 .026 1 6 .7 2 8 7 4 .7 2 8
C
(groups C&F)




36 8 0 .2 5 0 1 8 .7 7 7 7 9 .6 0 3
AVT
(groups B&E)
40 80 .075 1 2 .3 4 4 8 0 .6 2 9
C
(groups C&F)
35 79 .457 1 5 .9 6 6 79 .4 0 9
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Table 25
A na lys is  o f  Covariance o f UNIT3 A d justed  by
PRECAL and CALBACK fo r  Treatment *  Sex
Source SS d f MS F
Treatm ent 389 .973  ' 2 194.987 .848
Sex 1509 .814 1 1509.814 6 .5 6 8 *
Treatm ent x Sex 4 27 .886 2 213 .943 .931
E rro r 49425 .946 215 229 .888
*£  < .02.
Even when UNIT3 scores were ad ju s ted  on ly  on m athem atics p re trea tm e n t  
measures, and not on s p a tia l v is u a l iz a t io n ,  the  main e f fe c t  o f  sex 
appeared, and favored  fem ales. P o in t estim ates f o r  pa ired  c o n tra s ts  o f  
treatm en t and sex e f fe c ts  were computed.
Tab le  26
P o in t Estim ates o f  P a ired  C ontrasts o f  Main E ffe c ts ,
UNIT3 f o r  Treatm ent x Sex
C o ntras t3 UNIT3
“ 1 “ a 2 -1 .768
“ 1 '  a3 .378
a 2 ’  a 3 2 .146
*1 - 2 ,.605
aa . denotes main e f fe c t  o f  i th  le v e l o f  t re a tm e n t;  fj. denotes main 
e f fe c t  o f  i t h  le v e l  o f sex.
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A n a lys is  o f  Covariance o f  CALTOT, Ad justed  by PRECAL and CALBACK
Groups A and D, B and E, and C and F were combined in  t h is  
a n a ly s is ,  as in  th e  previous one, in  o rd er to  m axim ize the u t i l i z a t i o n  
o f  a v a ila b le  in fo rm a tio n .
They hypothesis  o f  p a r a l le l  reg ress io n  surfaces  was te n a b le  
(£ (1 0 ,2 0 5 )  = .8 5 5 , £  > .5 7 6 ) ,  and th e  reg ress io n  r e la t io n s h ip  was found 
s ig n i f ic a n t  (£ (2 ,2 1 5 )  = 5 5 .3 2 4 , £  < .0 0 1 ) .
T ab le  27
Obtained and A djusted C e ll Means, Groups A and D, B and E, 
and C and F , CALTOT A d justed  by PRECAL and CALBACK
CALTOT
Obtained Adjusted




38 3 03 .342 63 .398 307 .916
AVT
(groups B&E)
39 3 1 8 .000 54.434 3 1 6 .850
C
(groups C&F)




36 322 .417 60.967 320 .045
AVT
(groups B&E)
40 317 .325 48 .9 8 9 319 .406
C
(groups C&F)
35 327 .1 4 3 44 .319 326 .965
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Table 28
A na lys is  o f  Covariance o f CALTOT A d justed  by
PRECAL and CALBACK,for Treatment x Sex
Source SS df MS F
Treatment 3378.082 2 1689.041 .867
Sex 2758.539 1 2758.539 1 .416
Treatm ent x Sex 16042.543 2 8021 .271 4 .1 1 7 *
E rror 418939.781 215 1948.557
*£  < . 02.
This a n a ly s is  revea led  a s ig n i f ic a n t  in te ra c t io n  e f fe c t  on 
CALTOT, the t o ta l  ca lcu lu s  grade. The in te ra c tio n  is  d isp layed g ra p h i­
c a l ly  in  Figure 16 . P o in t es tim ates o f  the c o n tra s ts  between the main 
e f fe c ts  a re  in  Tab le  29.
T ab le  29
P o int Estim ates o f  P a ired  C ontrasts o f  Main E ffe c ts ,
CALTOT fo r  Treatm ent x Sex
C o ntras t3 CALTOT
al " a 2 -4 .1 9 0
a2 “ a3 -0 .4 3 7
al -  a 3 -4 .6 2 7
*1 " *2 -3 .5 21
aa .  denotes main e f fe c t  o f  i ^  le v e l o f  tre atm en t; 
3 .. denotes main e f fe c t  o f  i th  le v e l  o f  sex.













Figure 16. CALTOT as a fu n c tio n  o f  tre a tm en t c o n d itio n  
and sex, ad ju s ted  by PRECAL and CALBACK.
The n a tu re  o f  th e  in te ra c t io n  in d ic a te s  th a t  th e  e f fe c t  o f  th e  AVT t r a in ­
ing on t o ta l  ca lcu lu s  grade was d i f f e r e n t  fo r  males and fe m a le s . A p paren tly  
the AVT t ra in in g  was more h e lp fu l fo r  males than i t  was f o r  fem ales in  
terms o f  ca lcu lu s  ach ievem ent. N o tice  a ls o  th a t  the  fem ales re c e iv in g  the  
AV t r a in in g  achieved grades in  ca lcu lu s  which appear to  be h ig h er than  
both those o f  males who rec e iv e d  the AV t r a in in g ,  and fem ales re c e iv in g  
the AVT t r a in in g .  F i n a l ly ,  i t  appears th a t  th e  co n tro l group members 
a tta in e d  th e  highest c a lc u lu s  grades. The n a tu re  o f  th e  in te ra c t io n  
suggests th a t  d i f f e r e n t  types o f  s p a tia l t r a in in g  may have d i f f e r e n t ia l  
e f fe c ts  fo r  males and fem ales on ca lc u lu s  achievement sco re s , w ith  aud io­
v is u a l tre a tm en t being more e f fe c t iv e  f o r  women, and a u d io -v is u a l-ta c tu a l  
tre a tm en t being more e f f e c t iv e  fo r  men.
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TOO
In te rp re ta t io n  o f  VSRSC
Owing to  the d i f f i c u l t y  in  o b ta in in g  p a r a l le l  regress ion  surfaces  
when VSRSC was used as a c r i te r io n  w ith  c o v a ria te s  DATPRE, PRECAL, and 
CALBACK, i t  was necessary to  use techniques o th e r than a n a ly s is  o f  co - 
varian ce  to  in te r p r e t  the  e f fe c ts  o f  s p a tia l t r a in in g  on VSRSC. None o f  
the p re trea tm e n t measures was judged to  be an im p ortan t c o v a r ia te  fo r  
VSRSC, so a two-way a n a ly s is  o f  va rian ce  was performed in s te a d , w ith  
th ree  le v e ls  o f  treatm en t (AV, AVT, and C ), and two le v e ls  o f  sex (male  
and fe m a le ). Main e f fe c ts  and the  in te ra c tio n  e f fe c t  in  th a t  a n a ly s is  
were not s ig n i f ic a n t .  A second two-way a n a ly s is  o f  va rian ce  was perform ed, 
using o n ly  two le v e ls  o f  tre a tm en t (AV and AVT combined, and C ), and two 
le v e ls  o f  sex . In  order to  maximize the use o f  a v a ila b le  in fo rm a tio n ,  
groups A ,B ,D , and E were combined fo r  use as the  tra in e d  group, and groups 
C ,F , and G were combined to  form the co n tro l group.
Tab le  30
C e ll Means and Standard D e v ia tio n s , Groups A ,B ,D , and E, 









(Groups A ,B ,D ,&E)
76 7 .9 8 0 2.295 76 8 .653 2.467
Control
(Groups C,F,&G)
49 7 .837 2.377 43 6 .8 8 6 2.791
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Table 31
2 x 2  A n alysis  o f  Variance o f  VSRSC fo r  Treatm ent *  Sex
Source SS d f MS F
Treatm ent 48 .937 1 48.937 8 . 100 * *
Sex .234 1 .234 .039
Treatm ent x Sex 37.644 1 37.644 6 .2 3 1 *
E rror 1449.916 240 6.041
*£  < . 02.
* * £  < .005 .
This an a lys is  in d ic a te s  a s ig n i f ic a n t  main e f fe c t  o f  tre a tm e n t, as w e ll 
as a tre a tm en t-b y -sex  in te ra c t io n .  P o in t estim ates fo r  pa ired  c o n tra s ts  
o f  the  tre a tm en t and sex main e f fe c ts  were computed (T ab le  3 2 ) .  F ig u re  
17 d isp lays  the graph o f the in te ra c t io n .
Tab le  32
P o in t Estim ates o f  P a ired  C ontrasts o f  Main E ffe c ts ,
VSRSC fo r  Treatm ent x Sex
C o ntras t3 VSRSC
a l " a 2 .461
0 , -  $2 - .0 3 1
aa- denotes main e f fe c t  o f - i th  le v e l o f treatm en t ( t r a in e d = l , c o n tro l=2 ) .  
6 ,. denotes main e f fe c t  o f  i t h  le v e l  o f  sex.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
>  7
>> fe m a le s
T ra ined  Control 
VSRSC as a fu n c tio n  o f  tre a tm e n t co n d itio n  and sex.
Students who received s p a tia l t ra in in g  scored s ig n i f ic a n t ly  h igher on 
the VSRSC measure than th e  co n tro l group. The nature o f  the i n t e r ­
a c tio n  in d ic a te s  th a t fem ales b e n e fit te d  most from the s p a tia l t r a in in g ,  
in  terms o f  t h e i r  performance on the VSRSC measure.
The s ig n if ic a n t  c o rre la t io n s  between DATPRE and VSRSC fo r  both 
males and females (Table  13) m otivated  th e  computation and the g rap h i­
cal re p re s e n ta tio n  o f  th e  regress ion  lin e s  fo r  groups A,B, and C.
6 .. 
Figure  17.
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Table 33
C e ll Regression L in e s , VSRSC on DATPRE
Treatm ent £
Regression Equation  
Male £ Female
AV 26 Y = 1 .669 + .136 X ** 25 Y = - .2 7 5  + .201 X **
AVT 26 Y = 4 .4 4 6  + .088 X* 26 Y = 4 .9 4 9  + .078 X
C 22 Y = 3 .212  + .110 X 22 Y = 8.571 -  .044 X
N o te . A s te r is k  in d ic a te s  s ig n if ic a n c e  o f regress ion  r e la t io n s h ip .  
’Z jT Z  .0 5 .
* * £  < . 001.
Tab le 34
Treatm ent Regression L in e s , VSRSC on DATPRE
Treatm ent £ Regression Equation
AV 51 Y = .969 + .1620  X **
AVT 52 Y = 4 .6 7 0  + .0837 X*
C 44 Y = 6 .6 4 0  + .0177 X
N o te . A s te r is k  in d ic a te s  s ig n if ic a n c e  o f  regress ion  re la t io n s h ip .  
* £  < . 05.
* * £  < •
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Table 35
Sex R egression L in e s , VSRSC on DATPRE
Sex 2
M 74 Y = 3 .4 0  + .1050 X **
F 73 Y = 4 .7 8  + .0737 X*
N o te . A s te r is k  in d ic a te s  s ig n ific a n c e  o f  reg ress io n  r e la t io n s h ip .  
* p <  .0 5 .
**2  < .001.
The reg ress io n  l in e s  a re  graphed in  F igures 1 8 -2 0 . The g ra p h i­
cal re p re s e n ta tio n  in  F ig u re  19 would suggest th e  p o s s ib i l i t y  o f  an 
a p titu d e -b y -tre a tm e n t in te ra c t io n  on VSRSC. I t  appears th a t  studen ts  
scoring below 32 on DATPRE d id  not b e n e fit  g r e a t ly  from s p a t ia l  t r a i n ­
ing in  term s o f  VSRSC sc o re s . However, fo r  s tuden ts  sco ring  above 32 , 
s p a tia l t r a in in g  appeared to  make a d if fe re n c e  in  t h e i r  scores on the  
VSRSC m easure, w ith  a u d io v is u a l t ra in in g  being most h e lp f u l ,  and a u d io ­
v is u a l - ta c tu a l  t r a in in g  being second in  h e lp fu ln e s s .




































































































2 x 2  Analyses o f  Covariance
As an a lte rn a te  way o f  a n a lyz in g  th e  d a ta , a 2 x 2 f a c t o r ia l  
design was used, again w ith  fa c to rs  tre a tm e n t and sex. Groups A and 
B, both o f  which rece ived  s p a tia l t r a in in g ,  were combined in to  a s in g le  
" tra in e d "  group, w h ile  group C was used as th e  co n tro l group. Several 
two-way m u lt iv a r ia te  and u n iv a r ia te  ana lyses o f  covariance were con­
ducted in  th is  s e t t in g .
The f i r s t  m u lt iv a r ia te  an a ly s is  o f  covariance attem p ted used 
UNIT3, CALTOT, DATPOST, and VSRSC as c r i t e r i a ,  and PRECAL, CALBACK, 
and CALTOT as c o v a r ia te s . A m u lt iv a r ia te  t e s t  o f  e q u a li ty  o f  reg res ­
s io n , using W ilks ' Lambda, in d ic a te d  th a t  th e  regress ion  su rfaces were 
not p a r a l le l  (£ (3 6 ,4 7 7 .6 6 5 )  = 1 .6 6 5 , £ <  .0 1 ) .  Follow -up u n iv a r ia te  te s ts  
revea led  th a t  DATPOST and VSRSC were the  confounding v a r ia b le s  c o n tr ib u tin g  
most s tro n g ly  to  the la c k  o f  p a ra lle lis m  (£ (9 ,1 3 0 )  = 1 .9 6 5 , £  < .0 5 ,  
and £ ( 9 ,1 3 0 )  = 2 .5 5 0 , £  < .01 fo r  DATPOST and VSRSC, re s p e c t iv e ly ) .
DATPOST and VSRSC were removed from th e  s e t o f  c r i t e r i a ,  and the  
a n a ly s is  was repea ted . The te s t  o f  e q u a li ty  o f  re g re s s io n , using W ilks ' 
Lambda, in d ic a te d  th a t  the hypothesis o f  p a r a l le l  reg ress io n  surfaces  
was te n a b le  (£ (1 8 ,2 6 4 ) -  1 .0 6 4 , £  > .3 9 0 ) .  The regress ion  re la t io n s h ip  
was s ig n i f ic a n t  (£ (6 ,2 8 2 )  = 11 .1 5 2 , £ <  .0 0 1 ) .  In  the m u lt iv a r ia te  
a n a ly s is  o f  c o v arian c e , te s ts  o f  s ig n ific a n c e  using W ilk s ’ Lambda 
revea led  a s ig n if ic a n t  main e f fe c t  o f  sex (£ (2 ,1 4 1 )  = 4 .5 1 3 , £  < .0 2 ) ,  
and a s ig n i f ic a n t  tre a tm e n t-b y -s e x  in te ra c t io n  (£ (2 ,1 4 1 )  = 2 .6 9 6 , p < .0 8 ) .  
When DATPRE was removed from the  s e t o f  c o v a r ia te s , a m u lt iv a r ia te  an a lys is  
o f  covariance  o f  UNIT3 and CALTOT again rev e a le d  a s ig n i f ic a n t  main e f fe c t
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o f sex ( £ (2 ,1 4 2 ) ,  £ <  .0 2 ) ,  and a s ig n if ic a n t  tre a tm e n t-b y -s e x  in te ra c tio n  
(£ (2 ,1 4 2 )  = 2 .6 8 2 ,  £  < .0 8 ) .
A 2 x 2 an a ly s is  o f  covariance  was performed on DATPOST, a f t e r  
ad ju s tin g  fo r  DATPRE. The t e s t  o f  e q u a lity  o f  reg ress io n  was n o n s ig n i­
f ic a n t  (£ (3 ,1 4 0 )  = .5 1 9 , £  > .6 7 ) ,  and the reg ress io n  re la t io n s h ip  was 
s ig n if ic a n t  (£ (1  ,143 ) = 3 2 4 .5 0 3 , £ <  .0 0 1 ) . The o n ly  s ig n i f ic a n t  re s u lt  
in  the a n a ly s is  o f  covariance was th e  main e f fe c t  o f  sex (£ (1 ,1 4 3 )
= 3 .2 5 3 , £  < .0 8 ) .
The p a tte rn  o f  re s u lts  ob ta ined in  these 2 x 2  analyses d id  not 
d i f f e r  s u b s ta n t ia l ly  from the p a tte rn  o f  re s u lts  obtained in  the  3 x 2  
analyses described  e a r l ie r .  Thus, comparing tre a te d  and co n tro l groups 
did not prov ide  a d d it io n a l in s ig h t  in to  the exp erim en t's  r e s u l t s .
The prim ary  research q u e s tio n s , namely concerning the  e f fe c ts  
o f s p a tia l t r a in in g  and sex upon measures o f  s p a t ia l  v is u a l iz a t io n  and 
mathematics achievem ent, have been addressed in  th is  s e c tio n . R esults  
w il l  be summarized and in te rp re te d  more f u l l y  in  Chapter V.
In v e s t ig a tio n  o f  Secondary Research Questions
The secondary research questions form ulated  p r io r  to  th e  study  
are in  two c a te g o rie s . The f i r s t  catego ry con tains questions concerning  
the in te rn a l and ex te rn a l v a l id i t y  o f  the study, and the  second categ o ry  
contains general in te re s t  questions which are  le s s  m ajor than those o f  
th e  previous s e c tio n .
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In te rn a l and E x terna l V a l id i t y
2 x 3  an a ly s is  o f  v a rian ce  o f  DATPOST. The Space R e la tio n s  Sub­
te s t  o f  the D i f fe r e n t ia l  A p titu d e  Test was used as a pre and p o s tt re a t -  
ment measure w ith  experim ental groups A ,B , and C. In  o rd er to  determ ine 
whether th e re  was a p ra c tic e  e f f e c t  on the  s p a t ia l  v is u a l iz a t io n  t e s t ,  
and whether th e re  was any p re te s t-b y -tre a tm e n t in te ra c tio n  on th e  measure, 
a 2 x 3 a n a ly s is  o f va rian ce  o f  DATPOST was perform ed. The f i r s t  fa c to r  
was p re te s tin g  c o n d it io n , w ith  th e  f i r s t  le v e l c o n s is tin g  o f  p re tes ted  
groups (A ,B , and C ), and the second le v e l o f  unpretested  g ro u p s .(D ,E  and 
F ). The second fa c to r  was tre a tm e n t c o n d it io n , w ith  the  f i r s t  le v e l  
co n ta in in g  groups which rece ived  AV t ra in in g  (groups A and D ), th e  second 
le v e l co n ta in in g  groups which re c e iv e d  AVT t ra in in g  (groups B and E ) , and 
the th ir d  le v e l co n ta in ing  the c o n tro l groups (groups C and F ) .
T ab le  36
C e ll Means and Standard D e v ia tio n s , DATPOST, 
P re te s t C ondition  x T ra in in g  Condition
AV AVT C
_n M SD n M SD n_ M SD
P retested 53 49.830 7 .978 51 49.392 8 .2 0 0 44 47.955 8 .758
Unpretested 22 46.545 6 .193 27 47.407 1 CL 059 25 41 .320 12.572
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mTab le  37
2 x 3  A n a ly s is  o f  V a r ia n c e  o f  DATPOST f o r  P re te s t  
C o n d itio n  x T ra in in g  C o n d itio n
SOURCE SS d f MS F
P re te s t  C o n d itio n 8 0 0 .0 3 6 1 8 0 0 .0 3 6 1 0 .0 4 8 * *
T ra in in g  C o n d itio n 4 4 7 .3 4 6 2 2 23 .673 2 .8 0 9 *
P re te s t  x T ra in in g 18 9 .8 5 2 2 9 4 .926 1 .192
E rro r 1 7 1 9 8 .9 6 0 216 7 9 .625
* £  < .0 6 .  
* * £  < . 002 .
The s ig n i f ic a n t  e f f e c t  o f  p r e te s t  c o n d it io n  s t r o n g ly  suggests a p ra c t ic e  
e f f e c t  o f  t e s t in g  on th e  s p a t ia l  v is u a l iz a t io n  t e s t .  A t th e  same t im e ,  
when comparing t ra in e d  and u n tra in e d  groups on th e  DATPOST v a r ia b le ,  
w ith o u t a d ju s t in g  f o r  p re tre a tm e n t  s c o re s , th e  d i f fe r e n c e  in  means is  
m o d e ra te ly  s ig n i f i c a n t ,  and fa v o rs  th e  t ra in e d  group s.
Two-sample t - t e s t ,  CALTOT, groups F and G. There was a q u e s tio n  
o f  w hether o r  n o t th e  c a lc u lu s  background p r e t e s t  m ight in  some way 
s e n s it iz e  th e  s tu d en ts  to  c a lc u lu s  in s t ru c t io n  and p o s s ib ly  r e s u l t  in  
h ig h e r c a lc u lu s  grades fo r  p re te s te d  s tu d e n ts . E xp erim en ta l group G 
was in c lu d e d  to  c o n tro l fo r  t h is  p o s s ib i l i t y ,  and th e  scores o f  groups  
F and G on CALTOT were compared w ith  a tw o-sam ple t - t e s t .
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Table 38
Comparison o f  Group F and G Mean Scores on CALTOT
Using Two-Sample t - T e s t
Group ji M SD t
F 26 320 .27 5 5 .8
-1 .0 6 9
G 26 3 04 .42 51 .1 0
The t  v a lu e  is  not s ig n i f ic a n t ,  and i t  is  thus u n l ik e ly  th a t  th e  c a lc u lu s  
background measure produced a p ra c t ic e  e f f e c t .
General Q uestions
Two sample t - t e s t s ,  p re tre a tm e n t m easures, males and fe m a le s .
In  o rd er to  f u r th e r  u t i l i z e  th e  a v a i la b le  d a ta , comparisons o f  m ale and 
fem ale group means on th e  p re tre a tm e n t measures were made. No s i g n i f i ­
can t sex d iffe re n c e s  appeared on any o f  the p re tre a tm e n t m easures.
T a b le  39
Comparison o f  Male and Female Mean Scores on DATPRE, PRECAL, 
and CALBACK Using Two Sample t - T e s t






DATPRE 75 4 3 .3 3 3 1 0 .3 74 41 .541 1 0 .1 1 .072
PRECAL 127 22 .055 6 .2 122 2 1 .6 8 0 5 .8 3 .491
CALBACK 112 9 .0 0 8 9 7 .5 4 112 9 .6339 7 .6 3 - .6 1 7
N o te . The h yp o th es is  o f  equal v a r ia n c e  was te s te d  and was found te n a b le  
in  a l l  th re e  cas e s .
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Z - te s ts ,  DATDIFF, e n t i r e  sample, m ales, and fem ale s . On the  
basis o f  the re s u lts  o f  the p rim ary questions , gain  scores on the' 
s p a tia l v is u a liz a t io n  te s t  were an a lyzed . Z - te s ts  o f  DATDIFF fo r  
the e n t ire  sample, fo r  m ales, and fo r  females in d ic a te d  th a t  s ig n i f ic a n t  
( jd < . 0 0 0 1 )  gains occurred in  a l l  th re e  s i tu a t io n s .
Tab le  40
Comparison o f  DATDIFF w ith  0 , fo r  E n tire  Sample, M ales, 




E n tire  sample 148 6.6149 5.51 1 4 .6 0 1 *
Males 74 6.9324 5 .8 9 10 .1 2 9 *
Females 74 6.2973 5 .1 3 1 0 .5 6 4 *
* £  < .0001
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P re d ic tio n  o f  CALTOT. F in a l ly ,  vario u s  com binations o f  th e  
standard ized  p re trea tm e n t v a r ia b le s  were used in  computing reg ress io n  
equations fo r  th e  dependent v a r ia b le  CALTOT. T h is  was done in  an attem p t  
to  understand th e  r e la t iv e  im portance o f  the p re d ic to r  v a r ia b le s  w ith  
respect to  ca lc u lu s  achievem ent. These equations a re  rep o rted  fo r  th e  
e n t ire  sample, and a lso  fo r  males and fo r  fem ales .
Regression L in e s ,
T ab le  41
CALTOT on Pretreatm ent M easures, 
M ales , and Females
E n tire  Sample,
H Regression Equation R2
E n tire  Sample
249 Y=317+27.2X1 2 5 .7
224 Y=319+23.0X2 1 8 .2
149 Y=320+4.5X3 .8
223 Y=319+24. OX-,+12 . 2X2 3 4 .2
149 Y=321 +23 . 3Xj +12.8X 2-  .737X3 3 3 .7
Males
127 Y=314+28.4X-, 2 5 .8
112 Y=315 + 2 7 .6 X2 2 3 .4
75 Y =316-.679X 3 0 .0
112 Y=316 + 2 4 .2 X ^ 1 8 .0 X 2 3 8 .7
75 Y=318+2 3 .8  X-, + 2 0 .1 X2- 3 .97 X3 4 1 .9
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TABLE 41 -  continued
Females
122 Y=320+26.3X1 2 6 .2
112 Y=322+18.3X2 1 3 .0
74 Y-325+1O .8X3 5 .2
111 Y=322+24.8X1+ 5.64X 2 31 .5
74 Y=324+21 .7X ^ 4 .74X 2+ 3 .79X 3 28 .4
Note. Xq=PRECAL(standardized), X2 =CALBACK(standardized) ,  
(s ta n d a rd iz e d );  Y=CALT0T.
and X3=DATPRE
2The p a tte rn  o f  R values is  s l ig h t ly  d i f f e r e n t  fo r  males and fo r  fem ales , 
and g ives some in d ic a tio n  o f  the  r e l a t i v e  he lp fu lness  o f  th e  combinations 
o f  p re d ic to rs .
The analyses rep o rted  in  th is  c h a p te r focused upon the  prim ary  
and secondary research  q u e s tio n s . A summary o f  the r e s u l t s ,  in te rp re ­
t a t io n ,  and discuss ion o f  the im p lic a tio n s  o f  the re s u lts  fo llo w s in  
Chapter V.
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CHAPTER V
SUMMARY, INTERPRETATION, AND IMPLICATIONS FOR FUTURE RESEARCH
This se c tio n  begins w ith  a d iscuss ion o f  some o f  the d e s c r ip t iv e  
s ta t is t ic s  which were presented in  the f i r s t  s e c tio n  o f  Chapter IV .
That d iscuss ion is  fo llo w ed  by a summary o f  th e  p rim ary and secondary 
re s u lts ,  accompanied by the a u th o r 's  in te rp re ta t io n  o f  th e  exp erim en t's  
outcomes. P o ss ib le  d ire c t io n s  f o r  fu tu re  research  in  th is  area a ls o  are  
in d ic a te d .
D e s c r ip tiv e  R esults
Much o f  the  in fo rm a tio n  given in  th e  D e s c r ip tiv e  S t a t is t ic s  s e c tio n  
o f  Chapter IV  is  meant to  p ro v id e  a general f e e l in g  fo r  th e  score ranges  
and th e  perform ance o f  va rio u s  subsets o f  the  exp erim ental sample on the  
te s t  instrum ents employed in  t h is  s tu d y . C e rta in  re la t io n s h ip s  and 
phenomena re p o rte d  in  th a t  s e c tio n  which seem p a r t ic u la r ly  in te r e s t in g ,  
or which re q u ire  fu r th e r  e la b o ra tio n  and e x p la n a tio n , a re  discussed in  
th is  s e c tio n .
B efore co n tin u in g  fu r th e r  w ith  th e  summary and d iscuss ion  o f  the  
re s u lts  o f  th e  s tu d y , i t  is  necessary to  mention th e  d iffe re n c e  between 
the o r ig in a l sample s iz e  o f  334 , and the  f in a l  n_ o f  250 . The o r ig in a l  
sample s iz e  was determ ined w ith  f u l l  knowledge o f  th e  high a t t r i t i o n  
which had been experienced in  past years in  th e  f ir s t -s e m e s te r  ca lcu lu s  
course a t  UNH. As a r e s u l t  o f  students dropping th e  course and choosing
116
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the acc e le ra te d  o p t io n , a tw e n ty - f iv e  percent decrease in  sample s iz e  
occurred between th e  tim e o f  c a lc u lu s  p r e re g is t ra t io n  and th e  end 
o f  the f i r s t  sem ester. This decrease was c o n s is te n t w ith  th e  
experience o f  prev ious  y e a rs . In  th e  a u th o r 's  judgem ent, th e  re p re ­
sen ta tiveness  o f  the  sample was not a f fe c te d  in  any way, s ince the  
pop ula tion  to  which th e  re s u lts  o f  t h is  study w i l l  be g e n e ra lize d  is  
th a t  o f  "s tudents com pleting f ir s t -s e m e s te r  c a lc u lu s ."  A lso , students  
in  the o r ig in a l  sample were assigned randomly to  th e  seven tre a tm en t  
groups, and p ro p o rt io n a te ly  equal numbers o f  studen ts dropped the  
course from each o f  th e  seven group s. The a t t r i t i o n  ra te  in  the  
groups which re c e iv e d  t ra in in g  (groups A ,B ,D , and E) was comparable 
w ith  the a t t r i t i o n  ra te  in  the  u n tra in e d  groups (groups C ,F , and G ).  
Thus the b e n e fit  o f  random assignm ent o f  su b jects  was considered to  
have been r e ta in e d .
Pre and p o s ttrea tm e n t means and standard d e v ia t io n s  on 
the  s p a tia l v is u a l iz a t io n  t e s t ,  th e  Space R e la tio n s  S u b te st o f  
the D i f fe r e n t ia l  A p titu d e  Tes t (SR-D AT), fo r  males and fem ales in  
th is  s tudy , appear to  be d i f f e r e n t  from those re p o rte d  by the SR-DAT 
authors (B enn ett e t  a ! . ,  1974) f o r  a la rg e  sample o f  tw e lf th -g ra d e rs  
used in  the s ta n d a rd iz a tio n  o f  th e  t e s t  in  1972.
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Table 42
Means and Standard D e v ia tio n s , SR-DAT, 
S ta n d a rd iza tio n  Sample, Grade 12
ji M SD
Males 5000+ 3 4 .3 13 .0
Females 5350+ 3 0 .9 1 1 .9
Note. Adapted from B ennett e t  a l . ,  1974, p . 51.
In the present study, th e  p re treatm en t mean on the SR-DAT f o r  males 
was 4 3 .3 3 3 , and fo r  fem ales was 4 1 .541 .
A combination o f  two fa c to rs  is  suggested in  in te rp re ta t io n  o f  
th is  app arent d if fe re n c e . The f i r s t  concerns age and the n a tu re  o f  
s p a tia l a b i l i t y .  A la rg e -s c a le  fa m ily  s tu d y , conducted in  1975 by 
W ilson, D e F ries , M cClearn, Vandenberg, Johnson, and Rashad, examined 
the determ in ants o f  perform ance on 15 te s ts  o f  c o g n it iv e  a b i l i t y .  The 
s p a tia l measure used was th e  Mental R o ta tions  T es t (Vandenberg &
Kuse, 1 9 7 8 ), which re q u ire s  th e  sub ject to  imagine ro ta tin g  an i r r e g u la r ly  
shaped o b je c t and to  s e le c t  a re p re s e n ta tio n  o f  th a t  o b je c t as seen from 
a d i f f e r e n t  an g le . I t  is  g e n e ra lly  acknowledged th a t  the M ental Rota­
tio n s  T es t and the SR-DAT measure the same typ e  o f s p a tia l a b i l i t y ,  th a t  
i s ,  s p a tia l  v is u a l iz a t io n  (Vandenberg & Kuse, 1 9 7 9 ). One r e s u l t  o f  th e  
fa m ily  study was the. development o f a graph in d ic a tin g  score tre n d s  fo r  
each sex according to  age . S p a tia l v is u a l iz a t io n  a b i l i t y ,  as measured by th e  
Mental R o ta tio n s  T e s t, appears to  increase in  an unsteady fa s h io n , both 
fo r  males and fem ales, u n t i l  the la te  tw e n tie s . There is  a p a r a l le l
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d ec lin e  in  scores fo r  both sexes from th a t  age on. The graph is  re p ro ­
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Figure 21. Male and female age curves fo r  th e  Mental R o ta tio n s  Test 
(from  Vandenberg & Kuse, 1979, p . 8 4 , a f t e r  W ilson e t  a l . ,  1 9 7 5 ).
In  p a r t ic u la r ,  these re s u lts  suggest th a t  s p a t ia l  v is u a l iz a t io n  a b i l i t y  
does not m ature f u l l y  u n t i l  the  m id -tw e n tie s . T h e re fo re  the a p p a re n tly  
la rg e  d is p a r i ty  in  scores m entioned e a r l ie r  between the s ta n d a rd iz a tio n  
sample and c o lle g e  freshmen a t  UNH may be due in  p a r t  to  the  deve lop ­
mental process.
The second p o te n tia l e x p la n a tio n  fo r  th e  d iffe re n c e  in  scores  
re s ts  in  the n a tu re  o f  th e  sample used in  th is  s tu d y . Very l i k e l y ,  
th e  c h a ra c te r is t ic s  o f  students who have chosen to  study ca lc u lu s  are  
d i f f e r e n t  from those o f a more general p o p u la tio n  such as the one used 
in  the s ta n d a rd iz a tio n  sample. S p a tia l sco res, along w ith  o th e r  measures 
o f  a b i l i t y ,  a re  l i k e l y  to  be h ig h er fo r  a group o f  c o lle g e  ca lcu lu s
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s tuden ts . E isenberg and M cG inty (1977 ) found t h a t  c a lc u lu s  s tuden ts  
scored s ig n i f ic a n t ly  h ig h er than students in  bu s in es s , e lem en tary  
te a c h in g , and rem edial m athem atics courses on measures o f  s p a t ia l  
reasoning a b i l i t y .
A nother measure which produced r e s u lts  which m ight be con­
sidered c u rio u s  was CALBACK, th e  c a lc u lu s  background t e s t .  The 
o v e ra ll mean was 9 .32  (o u t o f  36 p o s s ib le  p o in ts ) ,  and th e  
standard d e v ia t io n  was 7 .5 7 ,  in d ic a t in g  th a t  th e  te s t  scores were 
h ig h ly  v a r ia b le .  R e a l i s t ic a l l y ,  th is  phenomenon was not unexpected, 
as the m a jo r ity  o f  th e  s tu d en ts  ta k in g  th e  c a lc u lu s  background te s t  
e ith e r  had s tu d ie d  c a lc u lu s  fo r  a f u l l  y e a r in  h igh school o r  had 
not s tud ied  c a lc u lu s  a t  a l l .  Thus, a lth ough  th e  m a jo r ity  o f  th e  
CALBACK scores were lo w , enough scores were high to  r e s u l t  in  a 
la rg e  standard  d e v ia t io n .  A h istogram  o f  th e  CALBACK scores is  
given in  F ig u re  22 .
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Frequency
1 0 4 -  
9 6 -  
88-  
8 0 -  
7 2 -  
6 4 -  
5 6 -  
48 -  
4 0 -  
3 2 -  
2 4 -  
1 6 -  
8-
! = b -0 2 6 10 14 18 22 26 30 34 36
Figure 22 . H istogram  o f  CALBACK sco res .
CALBACK score
S everal s ig n i f ic a n t  c o r re la t io n s  between v a r ia b le s  were found  
in  the f i r s t  phase o f  the data a n a ly s is . Both th e  pre and p o s ttrea tm e n t  
s p a tia l v is u a l iz a t io n  te s ts  c o r re la te d  s ig n i f ic a n t ly  w ith  the p re ­
ca lcu lu s  background t e s t ,  and w ith  th e  volume o f  s o lid s  o f  re v o lu t io n  
score. Th is  f in d in g  supports th e  c la im  made by o th e r  research ers th a t  
s p a tia l v is u a l iz a t io n  c o r re la te s  h ig h ly  w ith  c e r ta in  forms o f  mathema­
t ic s  ach ievem ent. The s ig n i f ic a n t  c o r re la t io n s  between the s p a tia l v is u a l i ­
z a tio n  te s ts  and the volume o f  s o lid s  o f re v o lu t io n  scores were not 
e n t i r e ly  unexpected, given th e  n a tu re  o f the  VSRSC measure. However, 
the c o r re la t io n s  between the s p a t ia l  v is u a l iz a t io n  te s ts  and th e  p re ­
ca lcu lu s  te s t  a re  in te re s t in g .  Th is  is  because th e  p reca lcu lus  t e s t  is  
composed o f  a lg e b ra  and trig o n o m e try  questions w h ich , in  the e x p e rim e n te r's  
v iew , do not re q u ire  the mental m an ip u la tio n  and ro ta t io n  o f  images;
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in  f a c t ,  most o f  th e  problems a re  com p u ta tio n a l, o r  re q u ire  the use o f  
a lg e b ra ic  m a n ip u la tio n . Note th a t  i t  would be in c o r re c t  to  in fe r  any 
causal re la t io n s h ip  between s p a tia l v is u a l iz a t io n  a b i l i t y  and mathe­
m atics performance s im ply on the bas is  o f  c o r re la t io n s  such as those  
found here between th e  s p a tia l measures and th e  VSRSC and p reca lcu lu s  
measures. We can o n ly  in fe r  th a t  th e  measures a re  r e la te d .
C o rre la tio n s  on a l l  measures a ls o  were re p o rte d  by sex, and 
several o f  those c o r re la t io n s  were s ig n i f ic a n t .  Here th e  most s a l ie n t  
observation  is  th a t  VSRSC was s tro n g ly  r e la te d  to  CALBACK, PRECAL, and 
UNIT3 fo r  fem ales, and was on ly  m oderate ly  re la te d  to  PRECAL fo r  m ales . 
This seems to  im p ly th a t  th e  r e la t io n s h ip  between s p a tia l  a b i l i t y  and 
mathematics achievement may be d i f f e r e n t  fo r  males and fo r  fem ales . 
Perhaps fu tu re  research  e f fo r ts  w i l l  be developed to  exp lo re  th is  issu e  
fu r th e r .
Summary o f  Prim ary and Secondary R esu lts
Prim ary Results
A m u lt iv a r ia te  a n a ly s is  o f  co variance  o f  CALTOT, UNIT3, and 
DATPOST, w ith  PRECAL, CALBACK, and DATPRE as c o v a r ia te s , in  a 
3 x 2 ,  tre a tm e n t-b y -s e x  des ign , re s u lte d  in  a s ig n i f ic a n t  
e f f e c t  o f  sex. Subsequent u n iv a r ia te  analyses o f  c o v a ria n c e ,  
using th e  com binations o f  c o v a ria te s  most a p p ro p ria te  fo r  th e  c r i t e r i a  
(mathematics achievement p re tes ts  w ith  mathematics achievement p o s tte s ts ;  
s p a t ia l  v is u a l iz a t io n  p re te s ts  w ith  s p a tia l v is u a l iz a t io n  p o s tt te s ts )  
produced some s ig n i f ic a n t  re s u l ts .  A s ig n i f ic a n t  sex d iffe re n c e  on 
DATPOST favored m ales , a s ig n i f ic a n t  sex d iffe re n c e  on UNIT3 favored  
fe m a le s , and th e re  was a s ig n i f ic a n t  tre a tm e n t-b y -s e x  in te ra c t io n  on
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CALTOT. In  th e  in te r a c t io n ,  AV t r a in in g  was more b e n e f ic ia l  fo r  fem ales  
than fo r  males in  in flu e n c in g  to ta l  grade in  c a lc u lu s .  The e f fe c t  o f  
treatm en t was not s ig n i f ic a n t  in  any o f  th e  3 x 2  an a lyse s  o f  c o v a ria n c e , 
although exam ination  o f  DATPOST c e l l  means ad ju s te d  by DATPRE re v e a le d  
a tre n d  o f  h igher scores fo r  t ra in e d  s u b jec ts  than f o r  members o f th e  
co n tro l group.
I t  was not p o s s ib le  to  use VSRSC as a c r i t e r i o n  v a r ia b le  in  th e  
analyses o f  co v arian c e  because i t s  in c lu s io n  in  th e  model destroyed th e  
p a ra lle lis m  o f the  re g re s s io n  s u rfa c e s . A 3 x 2 , t re a tm e n t-b y -s e x ,  
a n a ly s is  o f  v a r ia n c e  o f VSRSC d id  not produce any s ig n i f ic a n t  r e s u l t s .
The AV and AVT tre a tm e n ts  were combined in to  a s in g le  tre a tm e n t, and a 
2 x 2 ,  tre a tm e n t-b y -s e x , a n a ly s is  o f  v a r ia n c e  was perform ed. This  
a n a ly s is  re s u lte d  in  a s ig n i f ic a n t  tre a tm e n t e f f e c t ,  fa v o r in g  the group  
which re ce ived  s p a t ia l  t r a in in g ,  and a s ig n i f ic a n t  tre a tm e n t-b y -s e x  
in te ra c t io n .  The in te ra c t io n  r e s u l t  suggests th a t  s p a t ia l  t r a in in g  had 
more in flu e n c e  on VSRSC scores f o r  fem ales than i t  d id  f o r  m ales.
L in e a r reg ress io n s  were es tim a ted  fo r  VSRSC on DATPRE. The 
graphs o f  th e  tre a tm e n t reg ress io n  l in e s  in d ic a te  th a t  students in  th e  
AV and AVT t ra in in g  groups whose DATPRE scores were above (a p p ro x im a te ly )  
22 and 32 r e s p e c t iv e ly ,  ach ieved h ig h e r scores on th e  VSRSC measure than  
did  members o f  th e  c o n tro l group whose DATPRE scores were in  the same
range . In  o th e r  words, fo r  students w ith  low DATPRE sco re s , n e ith e r
vers io n  o f  th e  s p a tia l  t r a in in g  had a p o s it iv e  e f f e c t  on VSRSC sco re s .
For students w ith  h igh DATPRE scores (above 5 2 ) ,  AV t r a in in g  was more 
h e lp fu l than AVT t r a in in g  in  terms o f  VSRSC sco re .
A s e r ie s  o f 2 x 2 ,  tre a tm e n t-b y -s e x  ana lyses o f  c o v a ria n c e , in
which th e  AV and AVT tre a tm e n ts  were combined, were perform ed. The
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
124
p a tte rn  o f  r e s u lts  was e s s e n t ia l ly  th e  same as th a t  o b ta in e d  p re v io u s ly  
in  th e  3 x 2  a n a ly s e s . No new in fo rm a tio n  was e l i c i t e d .
Secondary R esults
A 2 x 3 , s p a t ia l  p re te s t  c o n d it io n -b y -tre a tm e n t c o n d it io n ,  
a n a ly s is  o f  v a r ia n c e  o f  DATPOST re v e a le d  th a t  th e  s tu d en ts  who took ‘th e  
s p a t ia l  v is u a l iz a t io n  p re te s t  scored s ig n i f ic a n t ly  h ig h e r on DATPOST 
than th e  un p re tes ted  s tu d e n ts . T h is  im p lie s  th a t  th e re  was a p ra c t ic e  
e f fe c t  on th e  s p a t ia l  v is u a l iz a t io n  t e s t .  A ls o , in  th e  2 x 3 a n a ly s is  
o f  v a r ia n c e , th e re  was a s ig n i f ic a n t  e f f e c t  o f  tre a tm e n t on DATPOST, w ith  
h ig h er scores fo r  s tu d en ts  who re c e iv e d  th e  t r a in in g .
A two-sam ple t - t e s t  o f  CALTOT means fo r  groups F and G was not
s i g n i f ic a n t .  T h is  f in d in g  in d ic a te s  t h a t  th e  c a lc u lu s  background t e s t ,
which was taken  by group F but not by group G, d id  n o t s e n s it iz e
s tu d en ts  to  c a lc u lu s  in s t r u c t io n .  Two-sample t - t e s t s  o f  male and fem ale  
scores on th e  p re tre a tm e n t measures DATPRE, PRECAL, and CALBACK y ie ld e d  
no s ig n i f ic a n t  sex d i f fe r e n c e s .
DATDIFF, th e  g a in  score on th e  s p a t ia l  v is u a l iz a t io n  t e s t ,  was 
te s te d  fo r  s ig n i f ic a n t  d if fe re n c e  from  z e ro , using th e  z - t e s t ,  fo r  th e  
e n t i r e  sam ple, f o r  m a les , and fo r  fe m a le s . A ll te s ts  w ere s ig n i f ic a n t ,  
im p ly in g  th a t  a l l  th re e  groups improved s ig n i f ic a n t ly  from s p a tia l  
v is u a l iz a t io n  p re te s t  to  p o s tte s t .
L in e a r re g re s s io n s  o f  CALTOT on v a rio u s  com binatio ns o f  the p re ­
tre a tm e n t measures were computed fo r  th e  e n t i r e  sam ple, f o r  males and
fo r  fe m a le s . The most e f f e c t iv e  p r e d ic t iv e  com binations ( t h a t  i s ,  having
2th e  la r g e s t  ]* v a lu e s ) ,  f o r  th e  e n t i r e  sam ple, and f o r  fe m a le s , in c lu d e d
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on ly  PRECAL and CALBACK. The most e f f e c t i v e  p r e d ic t iv e  com bination  
fo r  males con tained  a l l  th re e  p r e d ic to r s .
D iscussion o f  R esults
S ig n if ic a n t  sex d i f f e r e n c e ,  DATPOST. The f in d in g  o f  male 
s u p e r io r i ty  on th e  p o s ttre a tm e n t s p a t ia l  v is u a l iz a t io n  m easure, a d ju s te d  
by p re tre a tm e n t s p a t ia l  v is u a l iz a t io n  s c o re s , conforms w ith  th e  r e s u lts  
o f  many o th e r s tu d ie s .  However, when t h a t  r e s u l t  is  v iew ed in  conjunc­
t io n  w ith  th e  n o n s ig n if ic a n t  d if fe re n c e  between th e  same males and fem ales  
on th e  p re tre a tm e n t s p a t ia l  v is u a l iz a t io n  measure, th e  s i tu a t io n  becomes 
more c o m p lic a te d . A lthough both males and fem ales improved t h e i r  
s p a tia l v is u a l iz a t io n  scores s ig n i f i c a n t l y  during  the tw o -a n d -a -h a lf  
month in te rv a l  between t e s t s ,  one m ight c o n je c tu re  th a t  th e  com bination  
o f s p a t ia l  t r a in in g  and experiences  in  c o n cu rren t courses served to  
enhance s p a t ia l  v is u a l iz a t io n  perform ance more fo r  males than  fo r  fe m a le s . 
The unknown natu re  o f  c o n cu rren t course exp erien c e  m ig ht bear in v e s t ig a ­
tion in  fu tu re  a n a ly s is  o f  t h is  ex p e rim e n t, s in ce  i t  is  p o s s ib le  th a t  
the e xp erien c e  was d i f f e r e n t  fo r  males and fo r  fem a le s . E n ro llm e n t  
s t a t is t i c s  f o r  c a lc u lu s  in  th e  f a l l  o f  1979 in d ic a te  t h a t  about 50% o f  
the males in  th e  course were e n ro lle d  in  th e  C o lleg e  o f  E n g in eerin g  and 
P h ysical S c ien c es . O nly 32% o f  the  fem ale s  were from t h a t  c o l le g e .  I t  
is  l i k e l y  th a t  th e  random sample a ls o  r e f le c te d  th ese  p ro p o rt io n s . The 
in fe re n c e  one m ight make is  th a t  more m ales than fem ales in  th e  ca lc u lu s  
course w ere ta k in g  v a r io u s  en g in e e rin g  courses c o n c u rre n t ly . E n g in eer­
ing  cou rse  work has been dem onstrated to  e x e r t  a p o s it iv e  in flu e n c e  
on s p a t ia l  te s t  scores (B la d e  & Watson, 1 9 5 5 ).
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N o n s ig n ific a n t tre a tm e n t e f f e c t ,  DATPOST. The la c k  o f  a s ig n i ­
f ic a n t  tre a tm e n t e f f e c t  in  th e  a n a ly s is  o f  co v arian c e  o f  th e  s p a t ia l  
v is u a l iz a t io n  p o s tte s t  is  d is a p p o in t in g . A d jus ted  c e l l  means do i n d i ­
cate  a t  le a s t  a tre n d  tow ard  h ig h er DATPOST scores f o r  th e  AV and AVT 
groups than f o r  th e  c o n tro l group . In  r e t ro s p e c t ,  s e v e ra l changes 
m ight have been made in  th e  p lan n in g  o f  th e  s p a t ia l  t e s t in g  and t r a in in g .  
Had i t  been p ra c t ic a l  and a f fo rd a b le ,  a la r g e r  b a t te r y  o f  s p a t ia l  te s ts  
would have been a d m in is te re d  d u ring  th e  p re te s t in g  phase. In  a d d it io n  
to  th e  s u rfa c e  development tasks  in  th e  SR-DAT, th e  in c lu s io n  o f  M ental 
R o tations  tasks  (Vandenberg & Kuse, 1 9 7 8 ) ,  o r  th re e -d im e n s io n a l a n a lo g ie s  
such as Guay's (1 9 7 7 ) would have helped p ro v id e  a more com prehensive  
s p a tia l v is u a l iz a t io n  s c o re . A lthough an a l te r n a te  form o f  th e  s p a t ia l  
v is u a l iz a t io n  t e s t  was n ot used as a p o s tte s t  in  t h is  re s e a rc h , use o f  
an a l te r n a te  form m ight have helped to  e l im in a te  th e  p r a c t ic e  e f fe c t  o f  
te s t in g .
In  v iew  o f  th e  p o s s ib le  inadequacy o f  the  s p a t ia l  t e s t in g ,  i t  is  
d i f f i c u l t  to  e v a lu a te  th e  t ru e  e f fe c tiv e n e s s  o f  th e  s p a t ia l  t r a in in g  
m a te r ia ls ,  w ith  re s p e c t to  t h e i r  in f lu e n c e  on p o s ttre a tm e n t s p a t ia l  
sco res . C e r t a in ly ,  in  an id e a l s i t u a t io n ,  i t  would be b e t t e r  to  extend  
th e  d u ra tio n  o f  th e  s p a t ia l  t r a in in g  i f  th e  o b je c t iv e  is  s im p ly  to  im prove  
s p a t ia l  t e s t  sco re s . From an ed u c a tio n a l s ta n d p o in t,  th e re  may not be 
much p r a c t ic a l  v a lu e  in  im proving s p a t ia l  t e s t  scores un less  such 
improvement occurs s im u lta n e o u s ly  w ith  some s o r t  o f  improvement in  
achievem ent o r problem s o lv in g . From th e  p o in t o f  v iew  o f  c o g n it iv e  
p sych o lo g is ts  in te re s te d  in  th e  improvement o f  s p a t ia l  scores fo r  o th e r  
reaso n s, p rev ious  resea rch  has dem onstrated t h a t  t h is  is  f e a s ib le .  The
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task  o f  con vinc ing  c o lle g e  c a lc u lu s  s tu d en ts  th a t  th e y  m ig ht b e n e fit  
from programmed in s t ru c t io n  bearing  l i t t l e  resemblance to  t h e i r  
ca lcu lu s  course work was, a d m itte d ly , d i f f i c u l t *  I f  f u r th e r  research  
confirm s th e  d e s ir a b i l i t y ,  o f  enhancing s p a t ia l  e x p e rie n c e , in c lu s io n  o f  
the s p a t ia l  experiences as a n a tu ra l p a r t  o f  th e  c u rric u lu m  would perhaps 
be a more e f fe c t iv e  approach.
A c e n tra l d i f f i c u l t y  w ith  the development o f  s p a t ia l  t r a in in g  
stems from c o n tro ve rs y  re g a rd in g  th e  v e ry  n a tu re  o f  s p a t ia l  process in g . 
Guay (N o te  12) has argued th a t  many a lle g e d  measures o f  s p a t ia l  v i s u a l i ­
za tio n  a re  fu n c t io n a l ly  in d e te rm in a te  and th e re fo re  la c k  c o n s tru c t  
v a l id i t y .  In  o th e r  w ords, he c la im s t h a t  many s p a tia l v is u a l iz a t io n  tasks  
can be done in  d i f f e r e n t  ways by d i f f e r e n t  in d iv id u a ls ,  and thus do not 
measure any s in g le  a b i l i t y  o r  process. He notes th a t  "many o f  the  
processing s tra te g ie s  used do not re q u ire  th e  mental m a n ip u la tio n  o f  
v is u a l images which is  considered the  c r i t i c a l  component o f  s p a tia l  
v is u a l iz a t io n  a b i l i t y . "  (G uay, Note 1 2 , p . 8 ) His s o lu t io n  has been to  
develop an ana logy t e s t  which he fe e ls  measures a unique a b i l i t y  
(F ig u re  1 0 ) .
G iven th e  u n c e r ta in ty  about th e  manner in  which s p a t ia l  tasks  
are p erfo rm ed , an im p o rtan t area o f  co n tin u ed  research  is  e v id e n t .  The 
use o f  in tro s p e c t iv e  re p o r t in g  could perhaps be extended in  more c r e a t iv e  
ways w ith  th e  computer g rap h ics  c a p a b i l i t ie s  now a v a i la b le .  An in te r e s t ­
ing q u e s tio n  to  be pursued concerns an in d iv id u a l 's  s t a b i l i t y  in  s o lu tio n  
te c h n iq u e s . That i s ,  do people tend to  use th e  same s o lu t io n  process on 
a g iven s p a t ia l  problem presented a t  d i f f e r e n t  po in ts  in  tim e ?  S tud ies  
which d e v is e  e f fe c t iv e  methods fo r  m o n ito rin g  th e  steps ta k e n  by su b je c ts
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in perform ing s p a tia l tasks  w i l l  c o n tr ib u te  to  understanding o f  the  
processes. As a consequence, th e  development o f  t ra in in g  m a te r ia ls  
would be f a c i l i t a t e d .  In  a fu tu re  e f fo r t  s im ila r  to  the p rese n t study, 
i t  is  recommended th a t  a pre lude to  the development o f  th e  s p a tia l  
t ra in in g  should include the  gath erin g  o f  in tro s p e c t iv e  or o b s ervatio n a l 
in fo rm ation  about the s p a tia l  task  s o lu tio n  processes employed by 
co llege  ca lc u lu s  s tu d en ts . By doing so, by extending the d u ra tio n  o f  
the t r a in in g ,  by using more s p a tia l t e s ts ,  and by in c lu d in g  s p a tia l  
experiences w ith in  the c u rr ic u lu m , th e  a u th o r 's  fe e lin g  is  th a t  post­
treatm ent s p a tia l  a b i l i t y  scores would improve s ig n i f ic a n t ly .
S ig n i f ic a n t  sex d if fe r e n c e , UNIT3. The fa c t  th a t  th e  on ly  
po in t in  t h is  study where a s ig n i f ic a n t  sex d iffe re n c e  on a mathematics 
achievement measure appeared was on the U n it  3 te s t  is  in te r e s t in g ,  
m ostly because th is  d iffe re n c e  favored fem a le s . The la c k  o f  s ig n i f ic a n t  
sex d iffe re n c e s  on a l l  o th e r  mathematics achievement m easures, ad justed  
fo r  c o v a r ia te s , is  c o n tra ry  to  th e  usual f in d in g  o f  male s u p e r io r i ty  in  
mathematics in  general p o p u la tio n s , w ith o u t adjustm ent fo r  previous  
achievem ent. Women in  th is  sample e ith e r  held  t h e i r  own o r surpassed 
men in  scores on PRECAL, CALBACK, CALTOT, and UNIT3.
I t  is  possib le  th a t  women ta k in g  c a lc u lu s  have a b i l i t y  and 
a t t i tu d e  p r o f i le s  which a re  q u ite  d i f f e r e n t  from t h e i r  male co u n te r­
parts  in  c a lc u lu s . Anecdotal evidence o f fe rs  the  p o s s ib i l i t y  th a t  men 
and women may take  ca lcu lu s  fo r  d i f f e r e n t  reaso ns. W hile men may e n te r  
m athem atics-dependent areas because o f  s o c ie ta l e x p e c ta tio n s , even when 
t h e i r  t a le n ts  and c a p a b il i t ie s  be in  o th er a re a s , women choosing mathe­
m atics-dependent f ie ld s  o f  study are not l i k e l y  to  do so in  response to
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
129
s o c ie ta l p re s s u re , but r a th e r  because o f  genuine in te r e s t  a n d /o r  t a le n t .  
Such s p e c u la tio n  cou ld  be te s te d  e m p ir ic a l ly  in  a l a t e r  s tu d y . A nother 
in te re s tin g  fo llo w -u p  o f  t h is  s tu d y  m ight be to  a n a ly ze  th e  n a tu re  and 
number o f  a tte m p ts  made on each o f  th e  c a lc u lu s  u n i t  te s ts  fo r  males and 
fo r  fem a le s , in  o rd e r to  a c h ie v e  some comparison o f  p e rs is te n c e , s tudy  
tech n iq u e , and te s t - t a k in g  s t r a te g y  f o r  th e  two sexes .
I t  is  a ls o  p o s s ib le  th a t  women who ta k e  c a lc u lu s  a re  no t  
re p re s e n ta tiv e  o f  more gen era l p o p u la tio n s  o f  women. T h is  h yp o th es is  
m o tiva tes  a v a r ie t y  o f  q u e stio n s  f o r  f u r th e r  resea rch  con cern in g th e  
c h a ra c te r is t ic s  which d is t in g u is h  women who s tu d y  c a lc u lu s  from women 
who do n o t . How do th e y  d i f f e r  in  terms o f  a t t i t u d e  toward m athem atics , 
c a re e r o r ie n t a t io n ,  e d u c a tio n a l background, and a b i l i t y  p r o f i l e s ,  
p a r t ic u la r ly  on measures o f  s p a t ia l  a b i l i t y ?  Could i t  be w o rth w h ile  to  
id e n t i f y  th e  d is t in g u is h in g  c h a r a c te r is t ic s  and seek to  fo s t e r  those  
q u a li t ie s  in  younger g i r l s ,  as a means o f  in c re a s in g  th e  p a r t ic ip a t io n  
o f fem ales in  m athem atics and m athem atics-dependen t f ie ld s ?
In  any cas e , th e  la c k  o f  sex d iffe re n c e s  on th e  m athem atics  
achievement t e s t s ,  w ith  th e  e x c e p tio n  o f  th e  fem a le  s u p e r io r i ty  on th e  
U n it  3 t e s t ,  in d ic a te s  th a t  in  th e  sample o f  c a lc u lu s  s tuden ts  used-Tn  
t h is  s tu d y , women perform ed as w e l l ,  i f  not b e t t e r ,  than men. Th a t 
r e s u l t  ra is e s  some questions  about th e  c h a r a c te r is t ic s  o f  women 
stu d yin g  c a lc u lu s .
S ig n i f ic a n t  in t e r a c t io n ,  CALTOT. The in te r a c t io n  o f  t re a tm e n t  
and sex on t o t a l  c a lc u lu s  grade may p ro v id e  some c lu es  as to  what t ra n s ­
p ire d  in  the th re e  tre a tm e n t c o n d it io n s .  The graph o f  th e  in te r a c t io n
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(F ig u re  16) in d ic a te s  t h a t  fem ales outperform ed m ales s l ig h t l y  in  term s  
o f  t o ta l  c a lc u lu s  g rad es . AV t r a in in g  appeared to  be more h e lp fu l f o r  
fem ales than f o r  males in  in f lu e n c in g  c a lc u lu s  g ra d e s , w h ile  t o ta l  
c a lc u lu s  grades f o r  males in  th e  AV t r a in in g  group were s l ig h t l y  lo w e r  
than t o ta l  c a lc u lu s  grades f o r  m ales in  th e  AVT g ro u p . For fe m a le s , 
the  tre a tm e n t e f fe c ts  on t o ta l  c a lc u lu s  grade seemed s im ila r  across  
t re a tm e n ts .
The AV v e rs io n  o f  th e  t r a in in g  was designed to  be verb a l in  i t s  
emphasis. S p a t ia l  tasks  were p rese n te d  and so lved  in  an a n a ly t ic  fa s h io n  
where s p e c if ic  t a c t ic s  and s t r a te g ie s  were in tro d u c e d . I t  is  p o s s ib le  
t h a t  the  AV t r a in in g  prompted th e  s o lu t io n  o f  s p a t ia l  problems by means 
o f  s t r i c t l y  a n a ly t ic  and a lg o r ith m ic  te c h n iq u e s . On th e  o th e r hand, 
in  th e  AVT v e rs io n  o f  th e  t r a in i n g ,  th e  s tu d en t was encouraged to  use 
th e  p h ysica l models as a to o l in  v is u a l iz in g .  The purpose o f  th e  AVT 
t r a in in g  was to  f a c i l i t a t e  h o l i s t i c  m odeling and m ental m a n ip u la tio n  o f  
th re e -d im e n s io n a l images in  t h e i r  e n t i r e t y .  A l le n  (1 9 7 4 ) found th a t  women 
tended no t to  r e l y  on th e  use o f  m ental images in  s o lv in g  s p a tia l  p rob lem s, 
but in s te a d  d is p la y e d  a p re fe re n c e  f o r  t a s k - s p e c i f ic ,  le s s  a b s tra c t  
s o lu t io n  m ethods. Men were more a p t to  employ m ental m a n ip u la tio n ,  
acc o rd in g  to  her f in d in g s .  I f  fem a le s  avo id  using m ental images in  
s o lv in g  s p a t ia l  p roblem s, then perhaps th e y  a ls o  a v o id  th e  use o f  
m ental images in  s o lv in g  m athem atica l problem s. Men, on the  o th e r  hand, 
may be more in c lin e d  to  r e ly  on m ental m a n ip u la tio n  in  m athem atics . I f  
t h is  is  th e  c a s e , then p o s s ib ly  th e  fem a le  s tu d en ts  were more c o m fo rta b le  
w ith  th e  AV t r a in in g  than were th e  m ale  s tu d e n ts , in  v iew  o f  th e  absence
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o f th e  pressure to  perform  h o l i s t i c ,  in te rn a l  m odeling. C e r ta in ly  these  
co n jectu res  re q u ire  f u r th e r  s tu d y , since i t  is  apparent th a t  some d i f f e r ­
ences betweenkthe AV and th e  AVT t ra in in g  were re s p o n s ib le  f o r  th e  in t e r ­
a c t io n . In  a fu tu re  e f f o r t ,  i t  m ight be b e n e fic ia l to  make th e  d i f f e r ­
ences between th e  AV and th e  AVT t ra in in g  even more pronounced.
The in te ra c tio n  suggests th a t  d i f f e r e n t  s p a tia l t r a in in g  
m a te r ia ls  may t r u ly  have d i f f e r e n t  e f fe c ts  on ca lcu lu s  perform ance fo r  
males and f o r  fem ales. I t  should be noted th a t  the graph o f  the  in t e r ­
ac tio n  im p lie s  th a t  students in  th e  co n tro l groups a t ta in e d  
c a lcu lu s  to ta l  scores which were s l ig h t ly  (b u t not s ig n i f ic a n t ly )  h igher  
than those o f  students in  the  tre a tm en t groups. I t  is  p o s s ib le  th a t  the  
inconvenience o f  a tte n d in g  th e  s ix  s p a tia l t r a in in g  sessions in  some way 
a ffe c te d  studen t m o tiv a tio n  o r study e f fo r t s  in  c a lc u lu s . T h is  poss i­
b i l i t y  emphasizes the d e s i r a b i l i t y  o f  in c lu d in g  s p a tia l experiences  
as a n a tu ra l p a rt o f  th e  c u rr ic u lu m .
VSRSC r e s u lt s . The most in tr ig u in g  fin d in g s  o f  th e  study have to  
do w ith  VSRSC, the volume o f  s o lid s  o f  re v o lu t io n  sco re . R e ca ll th a t  
th is  score is  the  sum o f  th e  "tendency to  sketch" score and th e  score on 
the exp e rim e n te r's  "s o lid  o f  re v o lu tio n "  question  (Appendix B ) .  The 
VSRSC score represents th e  s tu d e n t's  a b i l i t y  and tendency to  perform  the  
mental v is u a l iz a t io n  o f  th e  re v o lu t io n  o f  th e  tw o-dim ensional reg io n  in  
the process o f  so lv ing  a volume o f  s o lid  o f  re v o lu tio n  problem in  c a lc u lu s .
A n aly s is  o f  v a r ia n c e , using o n ly  two le v e ls  o f  tre a tm e n t, and two 
le v e ls  o f  sex , produced a s ig n i f ic a n t  tre a tm e n t e f fe c t  fa v o rin g  the  
tra in e d  group on VSRSC, as w ell as a s ig n i f ic a n t  tre a tm e n t-b y -s e x  i n t e r ­
a c t io n . These fin d in g s  a re  im p ortan t because they  in d ic a te  th a t
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p ra c tic e  and t ra in in g  w ith  s p a tia l  tasks had a s ig n i f ic a n t ,  p o s it iv e  
e f fe c t  upon a b i l i t y  and tendency to  v is u a l iz e  s o lid s  o f  re v o lu t io n  in  
ca lcu lu s  problem s. The in fe re n c e  to  be drawn is  th a t  p ra c t ic e  on 
s p a tia l tasks  tra n s fe rs  to  a t  le a s t  one typ e  o f  m athem atical problem  
s o lv in g , and i f  th a t  is  th e  case , then th e re  may be o th er s p e c if ic  areas  
o f m athem atics and problem so lv in g  which a ls o  could be a f fe c te d  by 
s p a tia l t r a in in g .  V is u a l iz a t io n  o f th ree -d im en s io n a l s o lid s  is  impor­
ta n t  in  many areas o f  m athem atical a p p lic a t io n  and e n g in e e rin g , and the  
p o s s ib i l i t y  o f  f a c i l i t a t i n g  th a t  process, through t r a in in g ,  seems worth 
pursuing in  more depth , as a re s u lt  o f  the  encouraging outcomes o f  th is  
study.
The in te ra c tio n  graph (F ig u re  17) provides deeper in s ig h t  in to  
the ac tu a l e f fe c ts  o f  sex and tre a tm en t on VSRSC. There was v i r t u a l l y  
no d iffe re n c e  in  VSRSC scores between males in  the tra in e d  group and 
males in  th e  co n tro l group, w h ile  fem ales who rece ived  s p a tia l  t ra in in g  
scored much h ig h er on VSRSC than females in  th e  co n tro l group. That is ,  
s p a tia l t r a in in g  made a c le a r  d iffe re n c e  f o r  fem ales in  terms o f  th e i r  
tendency and a b i l i t y  to  v is u a l iz e  s o lid s  o f  re v o lu t io n ,  w h ile  a s im ila r  
d iffe re n c e  d id  not occur w ith  men. The tre a tm e n t-b y -s e x  in te ra c t io n  on 
VSRSC would in d ic a te  th a t  s p a t ia l  t r a in in g  served to  c u l t iv a t e  in  
females a tendency to  be more v is u a l in  t h e i r  so lu tio n s  o f  volume 
problems than t h e i r  u n tra in e d  fem ale c o u n te rp a rts  as w ell as most 
m ales. S everal in te re s tin g  research  questions a re  suggested by these  
f in d in g s : does "tendency to  sketch" m a tte r in  terms o f  c o r re c t  s o lu tio n
o f  volume problems; does " a b i l i t y  to  c o r r e c t ly  v is u a l iz e "  th e  s o lid  make 
any d iffe re n c e  in  terms o f  c o rre c t  s o lu tio n  o f  volume problem s; a t  the  
beginning o f  a c o lle g e  c a lc u lu s  course, what a re  the i n i t i a l  tendencies
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o f  males and fem ales to  v o lu n t a r i ly  in c lu d e  sketches as unreq u ired  steps  
in  problem s o lv in g ; a re  those i n i t i a l  ten d en c ies  s im ila r  fo r  males and 
fem ales; and do those i n i t i a l  ten d en cies  change as a n a tu ra l e f f e c t  o f  
in s tru c tio n ?
C o rre la t io n a l  re s u lts  g iven  in  th e  f i r s t  s e c tio n  o f C hapter IV  
in d ic a te  a s trong  r e la t io n s h ip  between VSRSC and th e  s p a tia l v is u a l iz a t io n  
measures, so i t  may w ell be t h a t  "tendency to  ske tch " is  a fu n c t io n  o f  
f a c i l i t y  w ith  s p a tia l  ta s k s . Moses (N ote 9 ) ,  who has worked in  t h is  a re a ,  
concluded th a t  " in d iv id u a ls  who were successfu l a t  [m athem atics] 
problem s o lv in g  tended to  use v is u a l s o lu tio n  processes" (p .  1 8 ) .  Her 
d e f in it io n  o f  "v is u a l s o lu tio n  processes" seems to  have to  do w ith  
tendency to  s k e tc h . She found t h a t  the mean "degree o f  v is u a l i t y "  score  
f o r  u n iv e r s ity  students was lo w e r than f o r  n in th -g ra d e rs .  W ith  f i f t h -  
and n in th -g ra d e  s tu d e n ts , she found th a t  fem ales had h ig h er "degree o f  
v is u a l i t y "  scores than m ales , but by c o lle g e , m ale and fem ale scores  
were e q u a l. However, the  r e s u lts  o f  th e  p rese n t stu d y  would s t ro n g ly  
in d ic a te  th a t  fem ale c a lc u lu s  s tu d e n ts ' "tendency to  sketch" scores w i l l  
improve w ith  s p a t ia l  t r a in in g .
Close exam ination  o f  th e  VSRSC re g re s s io n  l in e s  by t re a tm e n t,  
using DATPRE as a p re d ic to r  (F ig u re  1 9 ) ,  re v e a ls  th a t  fo r  s tuden ts  
sco ring  above 22 on DATPRE, AVT t r a in in g  re s u lte d  in  h ig h er VSRSC scores  
than i t  d id  f o r  students in  th e  c o n tro l group. For students s co rin g  
above 32 on DATPRE, AV t r a in in g  appeared to  r e s u l t  in  h igher VSRSC scores  
than fo r  s tu d en ts  in  th e  c o n tro l group. T h is  in d ic a te s  th e  p o s s ib i l i t y  
o f  an a p titu d e -b y -tre a tm e n t  in te ra c t io n  on VSRSC. In  th e  high DATPRE 
ran g e , AV t r a in in g  appeared to  be more successfu l in  in flu e n c in g  high  
VSRSC sco re s . In  a s im ila r  p r o je c t ,  w ith  more d e ta i le d  s p a tia l p re te s t in g
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and VSRSC-type t e s t in g ,  i t  would be h e lp fu l to  in c lu d e  a th re e - le v e l  
s p a t ia l  a b i l i t y  fa c to r  in  the  d e s ig n . The VSRSC re g re s s io n  lin e s  in d ic a te  
t h a t  students in  h ig h er s p a tia l a b i l i t y  ranges b e n e f it  most from s p a tia l  
t r a in in g  in  terms o f  scores on a c a lc u lu s  problem s o lv in g  measure. Com pletely  
d i f f e r e n t  t ra in in g  techniques may be mandated fo r  s tuden ts w ith  low s p a tia l  
a b i l i t y ,  and a w e ll-p la n n e d  a p t itu d e -t r e a tm e n t - in te r a c t io n  study could be 
v e ry  h e lp fu l in  p ro v id in g  in fo rm a tio n .
Conclusion
This  study has provided r e s u lts  and generated  hypotheses re le v a n t  
to  th re e  m ajor a re a s . These a re : th e  research  on sex d iffe re n c e s  in
mathematics ach ievem ent, the  in v e s t ig a tio n  o f  the re la t io n s h ip s  between 
s p a tia l  a b i l i t y  and mathematics perform ance, and th e  study o f  s p a tia l  
a b i l i t i e s  and s p a t ia l  t r a in in g .  The f i r s t  two areas a re  d i r e c t ly  re la te d  
to  mathematics ed u c a tio n , and by a s s o c ia tio n , so is  th e  t h i r d .  C u rren t  
understanding o f  th e  r o le  assumed by s p a tia l a b i l i t y  in 't h e  a c q u is it io n  
o f  m athem atical concepts and in  th e  s o lu tio n  o f  m athem atical problems is  
f a r  from com prehensive. At the  same t im e , th e re  a re  w e ll-e s ta b lis h e d  
sex d iffe re n c e s  on most s p a tia l  a b i l i t y  m easures. The im pact o f  those  
d if fe re n c e s , viewed in  co n ju n ctio n  w ith  m inimal understanding o f  th e  ro le  
o f  s p a tia l a b i l i t y  in  mathematics perform ance, j u s t i f i e s  s tu d ies  s im ila r  
to  th e  present one, which c o l le c t iv e ly  may help  to  s im p lify  what appears 
to  be a com plicated s e t o f  r e la t io n s h ip s .
The recen t in te r e s t  expressed by the  general p u b lic  and th e  mathe­
m atics  education  community regard ing  the issues o f  d i f f e r e n t ia l  p a r t ic ip a ­
t io n  and achievement o f  males and fem ales in  m athem atical endeavors is
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w e l l - j u s t i f i e d .  E n ro llm ent f ig u re s  confirm  th a t  d e s p ite  the in flu e n c e  
o f  th e  women's movement and the w idespread support being voiced fo r  
ed u catio n a l and employment e q u ity , women do not study mathematics as 
long as men do, nor do women choose to  pursue caree rs  which c a rry  p re ­
r e q u is ite s  o f  advanced study in  m athem atics in  p ro p o rtio n s  comparable 
w ith  men. To d a te , most o f  th e  research  addressing th ese  problems has 
focused on id e n t ify in g  th e  a f fe c t iv e  v a r ia b le s  which a f f e c t  p a r t ic ip a ­
t io n  o f  women in  m athem atical a re a s , and a good deal o f  th e  work has been 
done w ith  high school s tu d e n ts . The study o f  sex d iffe re n c e s  in  co g n i­
t iv e  v a r ia b le s  is  a ls o  im p ortan t in  g a in in g  complete in s ig h t  in to  the  sex 
d iffe re n c e s  in  m athem atical a re a s .
The body o f  research on s p a t ia l  a b i l i t y  is  la rg e  and w e ll -e s ta b lis h e d .  
I t  represents  a melange o f  approaches, in c lu d in g  th e  fa c t o r -a n a ly t ic  
research  aimed a t  grouping and d e s c rib in g  the s p a tia l  a b i l i t i e s ,  th e  work 
in s p ire d  by P iag e t which focuses upon th e  development o f  s p a tia l fu n c t io n ­
ing in  young c h ild re n , and th e  th e o r ie s  o f  the  in fo rm a tio n -p ro c e s s in g  
psycho log is ts  in te re s te d  in  the  p h ys ica l and n e u ro lo g ic a l phenomena which  
accompany th e  performance o f s p a tia l ta s k s . A r e la te d  area o f  research  
has been the te s t in g  o f  hypotheses re g a rd in g  the  o r ig in s  o f  sex d i f f e r ­
ences in  s p a tia l a b i l i t y ,  and as o f  y e t  no co m p lete ly  a cc ep tab le  th e o ry  
has been developed. Others have concerned themselves w ith  the  development 
o f  t e s t  item s to  measure vario u s  types o f  s p a tia l a b i l i t y .  C o nstru ction  
o f  t e s t  item s began w ith  th e  work o f  Thurstone and h is  con tem po raries , and 
has continued w ith  th e  c u rre n t e f fo r ts  o f  Shepard, Vandenberg, and Guay.
A common d i f f i c u l t y  in  much o f  the  research  on s p a tia l  a b i l i t y  is  th e  
problem encountered in  p resenting  c le a r  d e f in it io n s  o f  th e  s p a tia l  
a b i l i t i e s  being d iscussed , s ince o fte n  th e  d e f in it io n s  a re  im precise o r
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u n s p e c ifie d . The resea rch  area o f  s p a t ia l  a b i l i t y  is  not new, y e t is  
s t i l l  expanding in  in te re s t in g  d ir e c t io n s .
In  c lo s in g , i t  is  a p p ro p ria te  to  say th a t  th is  s tudy  has provided  
r e s u lts  and generated questions which a re  w orthy o f  continued in v e s tig a ­
t io n .  I t  is  c le a r  th a t  th e  re s o lu tio n  o f  th e  problem o f  inadequate  
fem ale re p re s e n ta tio n  in  m athem atics-dependent areas w i l l  not be in s ta n t ­
aneous. N e ith e r  w i l l  be th e  a tta in m e n t o f  a c le a r  n o tion  o f  th e  ro le  
played by s p a tia l a b i l i t y  in  mathematics perform ance. O v e rs im p lifie d ,  
con ven ien t exp lan a tio n s  w i l l  not s u f f ic e  in  d is e n ta n g lin g  th e  complex 
com binations o f  a t t i t u d in a l  and c o g n it iv e  fa c to rs  which a re  resp o n sib le  
fo r .s e x  d iffe re n c e s  in  m athematics p a r t ic ip a t io n  and perform ance. The 
research  which has been re p o rte d  here re p re s e n ts  a small c o n tr ib u tio n  
toward th e  u n rave lin g  o f  th e  com plicated  re la t io n s h ip s  among s p a tia l  
a b i l i t y ,  mathematics ach ievem ent, and th e  study o f sex d if fe re n c e s .
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APPENDIX A 
CALCULUS BACKGROUND TEST 
CALCULUS PRETE5T
NAHE: _____________________________________________ _ DATE: __________
AGE: _
CALCULUS BACKGROUND:
(1) Have you studied any calculus before? YES NO
(2) I f  your answer is YES, please elaborate:
(a) Where did you study calculus (high school, college, e tc .):
(b) How long was the course ( fu l l  year, semester, e tc .):
(c) What year did you take calculus?_______________________________
(3). Do you plan to complete both Math 425 and 426 this semester?' YES NO
This pretest w ill be used for research purposes only; results w ill have NO 
EFFECT ON YOUR GRADES IN MATH 425 AND 426.
I f  you have never studied calculus, then the following questions w ill make 
l i t t l e  or no sense to you. Please read them, and do any that you might happen 
to know how to handle. Otherwise, leave the answer spaces blank.
I f  you have studied calculus previously, then some or a l l  of the following 
questions may look fam iliar to you. Please provide solutions for as many as 
possible.
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, PLACE SOLUTIONS IN THE SPACE PROVIDED. BRING TO FRONT DESK WHEN DONE. THANKS.
1 . Compute the following lim its :
2
a) 11m 3x2 -  8x + 7 b) Tim y~ ~ %x-*2 y+3 y J
2 . Find the f i r s t  derivative o f each o f the following functions: 
a) f (x )  =*(8x2-5x)(13x2+4) b) h(x) = (5x3- 4 )1/2
3. Perform the indicated integrations:
a) | 4(x2-4x-3)dx b) |(2 x 3+1)7 x2dx
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'4 . Consider the function f (x )  = x3 -  2x2 + x + 1 .
a) Find a ll  c r itic a l numbers o f f  . b) Find a ll  local extrema.
c.) Find a l l  In flection points. c) Sketch the curve.
5. Consider the region formed by f{x )  
Here is a sketch of the region.
Sketch the solid which is formed 
when this region is rotated about 
the x-axis.
Set up an integral which w ill 
compute the volume of the rotated 
solid from part a ) .  Do not integrate .
5- -  
4- -  
3- -  
2 -  
1 - 
i
• - 1 -  1 2 
- 2  -  
- 3 -  
. 4 -
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APPENDIX B 
VOLUME OF SOLIDS OF REVOLUTION MEASURES
3 .6  .Th is question also has to do w ith  re vo lu tio n  o f  s o lid s . Your score w i l l  not be added 1n as 
A. p a rt  o f  the U nit 3 grade. Please do your b e s t.
In  exercises 1 , 2 , and 3 you see. a t  the  l e f t ,  a region 1n the plane and d ire c tio n s  f o r  
• evo lv ing  th a t region about a c e rta in  a x is . Choose the sketch to the righ t.w h ich  b est  
represents the revolved so lid  and c i r c le  the corresponding T e t t e r .
1. **•
In  exercise 4 . you are given a region, and d ire c tio n s  fo r revo lv ing  I t  about an a x is . In  4a, 
sketch the s o lid  o f revolution and 1n 4b , sketch the representative sh e ll you would use 1n 
f in d in g  the volume o f the s o lid .
^  4 .  a .b  A
Revolve about 
the x -e x ls .
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3 .6 .B . This question also has to do w ith  re vo lu tio n  o f  so lid s . Tour score w il l  not be 
added In  as p a rt  o f the Unit 3 grade. Please do your best.
In  exercises 1 , 2 , and 3 you see. a t  the l e f t ,  a region 1n the plane and d ire c tio n s  
fo r  revolving th a t region about a c e rta in  a x is .! Choose the sketch to  the r ig h t  which 
^est. represents the revolved so lid  and c i r c le  the corresponding le t t e r .
3 .  Revolve
In  exercise 4 , you are  given a region, and d ire c tio n s  fo r revolving I t  about an a x is . In  
4 a , sketch the so lid  o f revo lution , and In 4b . sketch the representative s h e ll o r d isc  you 
would use In finding the volume o f the s o lid .
Kevolve about 
the y -a x ls .
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3 .6 .C .  Th is question also has to  do w ith revo lu tion  o f s o lid s . Your score w i l l  not be 
added In  as part o f the U n it 3 grade. Please do your best. .
In  exercises 1, 2 , and 3 you see, a t  the  l e f t ,  a region In  the plane and d ire c tio n s  
fo r  revolving th a t regfon about a c e rta in  a x is . Choose the sketch to the r ig h t  which 
best represents the revolved so lid  and c i r c le  the corresponding le t t e r , .
y -a x ls
R evolve
y -a x ls
sketch the so lid  o f  re vo lu tion , and In 4b, sketch the represen tative  shell or d isc you would 
use in  find ing  the volume of the s o lid .
In  exerc ise  4,^you are given a reg ion , and d ire c tio n s  fo r revo lv ing  i t  about an a x is . In  4a,, re
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The raw data used in  the  ana lyses is  con ta ined  in  th is  s e c tio n .  
A s te r is k s  a re  used to  in d ic a te  m iss ing  sco res . The columns rep rese n t  
th e  fo llo w in g  v a r ia b le s :
1 .  U n it a t t e s t  score
2 . A lgebra subscore, MAA P rec a lcu lu s  Test
3 . Trigonom etry subscore, MAA P rec a lcu lu s  T e s t
4 . "Tendency to  sketch" score
5 . Experim ental group (A = l,B =2 ,C = 3 ,D =4 ,E =5 ,F =6 ,G =7)
6 . P re trea tm en t sco re , Space R e la tio n s  S u btest o f  the  D i f f e r ­
e n t ia l  A p titu d e  Test
7 . P o sttreatm en t sco re , Space R e la tio n s  S u b te st o f  the  
D if f e r e n t ia l  A p titu d e  T e s t
8 . Sex (m a le = l,fe m a le = 2 )
9 . "S o lid  o f  re v o lu tio n "  score
10 . Ca lcu lus background score
11. C a lcu lus t o ta l  grade
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